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Treatment Effects of the Forsus Fatigue Resistant Device: A 
Cephalometric Investigation 
 
                                               Dean A. Heinrichs, D.M.D. 
 
Objectives: To evaluate the correction obtained from the Forsus Fatigue Resistant (FRD) 
device and orthodontic appliances compared to an untreated control group.  Methods: 
Twenty four patients were treated with the Forsus FRD and fixed orthodontic appliances 
and were compared to twenty two untreated control patients who were matched in age, 
sex and craniofacial morphology.  Lateral Cephalograms were taken before treatment 
(T1) and after Forsus FRD and removal of orthodontic appliances (T2).  Results: 
Statistically significant differences were found for 12 of the 29 variables measured.  
Significant differences were found at Co-Gn minus Co-Apt., Wits, Is-OLp, Ii-OLp, 
overjet, Mi-OLp, Molar relationship, Overbite, Mic-ML, SNA, ANB, and Ii-ML between 
the treated and control groups.  Linear measurements in the net position of the maxilla 
and mandible showed changes that included a reduction in maxillary forward growth and 
a stimulation of mandibular forward growth; however, these changes were not 
statistically significant.  Net overjet correction was 4.7mm.  1.9mm (40%) of the 
correction was skeletal and 2.8mm (60%) was dental.  Overjet correction was obtained by 
decreased maxillary growth (25%), increased mandibular growth (15%), retraction of the 
upper incisor (32%), and proclination of the lower incisor (28%).  Conclusions: The 
Forsus FRD is successful in treating Class II malocclusions; however, there is a 
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CHAPTER 1: INTRODUCTION 
Background 
 
A common practice to correct a retrognathic mandible with a Class II malocclusion is 
to use a functional appliance.
1-3
  There are two types of functional appliances; removable 
and fixed.  Removable appliances, such as the Frankel regulator, Bionator, Activator, 
Twin Block, and even Class II elastics, often have inconsistent results due to the fact that 
these appliances require high levels of patient cooperation.
4
  A major advantage of fixed 
appliances, such as the Herbst, The Jasper Jumper, MARA, and Forsus Fatigue Resistant 
Device, is that they require very little patient cooperation which can lead to more 
consistent results.
5
  Since Emil Herbst first developed his Herbst appliance in the early 
1900’s
5
, the treatment effects of the various types of Herbst appliances have been well 
documented in the literature.  There is a significant amount of evidence that Class II 
malocclusion with mandibular retrusion can be corrected with a combination of maxillary 
restraint, mandibular lengthening, dental changes, and glenoid fossa remodeling.
6-15
  
More recently, the Forsus Fatigue Resistant Device (Forsus FRD), has some have 
claimed to achieve similar results as the Herbst appliance.   However, documented 
evidence on the effects of this appliance is scarce in the literature. 
This study investigated the skeletal and dental changes of 24 patients treated with 
fixed orthodontic appliances and the Forsus FRD.  Results were compared to 22 untreated 
patients who were matched in age, sex and craniofacial morphology.  Cephalometric 
radiographs were taken before orthodontic treatment (T1) and at a recall appointment 
after treatment with the Forsus FRD and fixed orthodontic appliances (T2).  The amount 
2 
 
of skeletal and dental change was determined using a published cephalometric analysis 
and was statistically analyzed. 
Statement of the Problem 
• What are the treatment effects of the Forsus FRD appliance when used in 
conjunction with fixed orthodontic appliances? 
Significance of the problem 
• The Forsus Fatigue Resistant Device was introduced by 3M/Unitek in 
1999 and was marketed as a modified Herbst type appliance and Class II 
elastic alternative, but to date little research has been done on the 
correction obtained.  Many orthodontists routinely use the Forsus FRD in 
their practices and it is difficult to determine the amount of skeletal or 
dental changes that are obtained. 
• Results of this study will provide information about the magnitude of 
skeletal and dental changes in patients treated with fixed orthodontic 
appliances and the Forsus FRD.  Clinicians will be able to use this data to 
aid them in deciding which appliance is most suitable to correct Class II 
malocclusions in the growing patient. 
Hypothesis 
• There are no mean changes over time between the maxillary and 
mandibular growth in patients treated with fixed orthodontic appliances 
and the Forsus FRD and an untreated control group. 




o A cephalometric radiograph. 
• Cephalometric Radiograph: 
o A lateral head film made with the patient in a fixed reproducible 
position with precise relationships between x-ray source, subject, 
and film.  The generally accepted distances between x-ray source 
and the center of the subject are 5 feet or 150 cm.  The distance 
between the subject and film is usually 15 cm, but may be 
standardized at a different value or varied with patient size and 
recorded for each exposure.   
• Cephalometrics: 
o The scientific measurement of the bones and teeth of the cranium 
by utilizing a fixed, reproducible position for the exposure of a 
lateral head film. 
• Cephalometric Analysis: 
o A description of positions and relationships of various skeletal, 
dental and soft tissue components based on a number of 
landmarks. 
• Cephalometric Landmark: 
o A point located on a cephalometric radiograph from which lines, 
planes, and angles may be constructed to analyze the 
configuration and relationship of elements of the craniofacial 
skeleton. 
• Cephalometric tracing: 
4 
 
o A tracing of structures from a cephalometric radiograph, made 
on translucent drafting paper or digitized on computer software 
for purposes of measurement and evaluation. 
• Bolton-Brush Study: 
o A longitudinal growth study performed at the Case Western 
University, which involved subjects with Class I, Class II, and 
Class III malocclusions who did not receive orthodontic 
treatment.  These individuals were followed with orthodontic 
records for several years and their growth patterns were 
measured. 
• Class II malocclusion: 
o A type of malocclusion in which the mesiobuccal cusp of the 
maxillary first molar is located mesial to the buccal groove of the 
mandibular first molar when the teeth are in centric occlusion. 
• Class II skeletal pattern: 
o A type of skeletal discrepancy in which the mandible is in a 
retrusive position relative to the maxilla and the face has a 
convex profile. 
• Functional appliance: 
o An appliance that is temporarily placed in a patient’s mouth to 
allow some type of growth guidance treatment to be carried out. 
• Removable Functional Appliance: 
5 
 
o A functional appliance which can be removed and inserted by the 
patient 
• Fixed Functional Appliance: 
o A functional appliance that cannot be removed by the patient. 
• Herbst appliance: 
o A type of fixed functional appliance that protrudes the mandible 
into a forward position to stimulate mandibular growth and 
inhibit forward maxillary growth in patients with skeletal Class II 
skeletal patterns.   
• Forsus Fatigue Resistant Device (Forsus FRD): 
o A type of fixed functional appliance, manufactured and sold by 
3M Unitek, which protrudes the mandible into a forward position 
to stimulate mandibular growth in patients with Class II skeletal 
patterns.    
• Retrognathic: 
o A term used to define the position of a skeletal component that is 
located more posterior than normal. 
Assumptions 
• Cephalometric radiographs taken with different machines at different 
times can be compared by adjusting the magnification. 
• Cephalometric measurements can be utilized to evaluate mandibular 
growth. 
• Orthopedic force can modify growth of the maxilla and mandible. 
6 
 
• Radiographs traced by 2 operators can be compared 
Limitations 
• All lateral cephlograms are not always taken with the mandible in centric 
relation. 
• The growth patterns of the experimental and control groups, who are 
matched in skeletal age, sex, and craniofacial morphology, may not be 
similar. 
• The experimental and control groups were selected from different 
geographical sources.  (Charleston, WV; Case Western University/ Bolton 
Brush Study Center in Cleveland, OH) 
• Individual growth patterns and growth periods were not available. 
• Skeletal age of the experimental groups cannot be obtained. 
• The follow up cephalograms were taken at different time intervals. 
• The decision to place the Forsus FRD was based on the clinical judgment 
of one of the investigators (Dr. Imad Shammaa), and there were no set 
criteria in determining the severity of Class II malocclusion that would be 
treated with the Forsus FRD.  
• Data was collected from two separate investigators 
Delimitations 
• It is a retrospective study of a group of patients from the offices of one of 




• The Forsus FRD experimental group was composed of 24 patients treated 
by one clinician (Dr. Imad Shammaa). 
• All patients must have exhibited continued growth throughout treatment, 
as confirmed by CVM. 
• The experimental and control groups were limited to patients who had 
acceptable quality radiographs for the various time points of the study. 
• All patients must have had a retrognathic mandible. 




CHAPTER 2: REVIEW OF LITERATURE 
History of Classification of Malocclusions 
Around 1850, the first text that described orthodontics appeared named Treatise 
on oral deformities as a branch of mechanical surgery, by Norman Kingsley.  Full 
dentitions were rare due to the high prevalence of tooth extraction, so occlusal 
relationships were unimportant.
16
  The concept of occlusion developed in the late 1800’s 
because of the need for better prosthetic teeth, and Edward H. Angle applied these 
concepts to the natural dentition in the 1890’s.  Angle’s classification of malocclusion 
subdivided the major types of malocclusion and was the first definition of a normal 
occlusion.
17
  Angle felt that the upper first molars were a key factor in a balanced 
occlusion and that the mesiobuccal cusp of the upper first molar should occlude in the 
buccal groove of the lower first molar.  He felt that a normal occlusion would result from 
this ideal molar relationship, and having all the teeth aligned in a smooth curving line.
17
  
The three malocclusions he described were: 
Class I – The mesiobuccal cusp of the maxillary first molar occludes in the 
mandibular first molar’s buccal groove, but there was a discrepancy in the arch curvature. 
Class II - The mesiobuccal cusp of the maxillary first molar was mesial to the 
buccal groove of the mandibular first molar. 
Class III – The mesiobuccal cusp of the maxillary first molar was distal to the 
buccal grove of the mandibular first molar.
16,18,19
 
While there are shortcomings of this classification published by Angle, it still remains the 
gold standard to describe occlusal relationships.   
9 
 
Etiology of malocclusions and the need for orthodontic therapy 
Growth in a Class II skeletal pattern is a complex process influenced by: 1) Genetics, 
2) Function, 3) Deformities, and 4) Size and position of bones.  The facial bones that 
contribute to a Class II skeletal pattern are divided into several parts; the anterior and 
posterior cranial base, nasomaxillary complex and the corpus and ramus of the 
mandible.
20
  Most Class II malocclusions North America are due to a mandibular 
deficiency.
16
  As the severity of a Class II malocclusion increases, there is more likely a 
combination of genetics and environmental causes.
16
  Specific interferences with growth 
can cause a few types of Class II malocclusion.  Functional causes acting by themselves 
play a relatively small role in the prevalence of Class II malocclusions but alterations in 
the equilibrium of growth can accentuate Class II tendencies that are already present.   
Historically, there are several justifiable reasons for orthodontic treatment.  A few of 
the problems that can occur without orthodontic treatment include:  Psychosocial 
problems, such as low self esteem due to teasing because of facial appearance; improper 
oral function, such as difficulties chewing, swallowing, or speaking; increased risk of 




Prevalence of Class II malocclusion 
 
About one third of the population in the United States has a Class II malocclusion.
21-
24
  A higher prevalence of Class II malocclusions appear in individuals with northern 
European descent (30-40%) than other racial groups (African Americans: 14-18%).  
Between 8-10% of the entire population has an overjet larger than six millimeters.   
10 
 
Components of Class II Malocclusion 
 
The first component of a Class II malocclusion is that the mesiobuccal cusp of the 
maxillary first molar is mesial to the buccal groove of the mandibular first molar.  In 
addition to this occlusal malocclusion there are a number of skeletal and dental 
combinations.
16
  A true skeletal malocclusion is either caused by deficient mandibular 
growth, excessive maxillary growth, or a combination.
25-27
  Class II malocclusions can be 
further subdivided into the following categories; anterior position of the maxilla, anterior 
position of the maxillary dentition, mandibular skeletal retrusion in absolute size or 
relative position, and excessive or deficient vertical development.
27-39
  Most Class II 




Class II skeletal patterns normally present with a convex profile because of the 
retrognathic mandible.  The convexity of the face may also be due to a prognathic 
maxilla, but is much less common.  The tip of the chin and the lower lip usually lie 
behind nasion perpendicular, which presents as a convex profile.
27
 
There are two types of Class II malocclusion; Class II division 1 and Class II division 
2.  Class II division 1 is characterized by proclined maxillary incisors whereas Class II 
division 2 is characterized by normal or retroclined maxillary central incisors and tipping 
of the maxillary lateral incisors in a labial and mesial direction.
19,38,40,41
  Class II division 
1 patients typically have a deep bite and an overactive mentalis muscle because of the 
contraction patterns of the facial muscles due to the concave profile and large overjet.  
Commonly, a tongue thrust is developed because of the lack of lip seal.
26
  Class II 





Class II division 1 and division 2 patients cephalometrically differ from each 
other at the upper incisor relation to the occlusal plane, NA, and SN.  These 
measurements varied as much as 15 degrees between the two types of malocclusions.  
Class II division 1 central incisors are always more proclined, and usually have at least 
3mm more overjet on average than Class II division 2.  Class II division 2 tend to have on 
average a 2.4mm deeper overbite.
41
 
Growth Potential in Class II Patients 
 
Alignment of the facial bones contributes to the Class II skeletal malocclusion.  The 
different components of the craniofacial complex are: the anterior and posterior cranial 




 The primary sites of growth in the cranium are the outer cortex (bone deposition), 
inner cortex (bone resorption) and the spheno-occipital synchondrosis (endochondral 
growth).  The spheno-occipital synchondrosis is bi-directional in its growth direction 
which is a pressure adaptive growth mechanism causing displacement of bones.
20
  Ngan 
et al.
42
 found no significant differences between Class I and Class II samples at four 
cranial base measurements; S-N, S-Ar, saddle angle (N-S-Ar), and the articulare angle 
(S-Ar-Go).  In the horizontal dimension, the mandibular position (S-N-B and S-N-Pog) 
was found to be significantly more retrusive in Class II subjects and there were no 
significant differences at S-N-A. 
Nasomaxillary Complex 
 The growth of the maxilla occurs at the sutures between the cranium and the 
maxilla by bony apposition.  As the maxilla grows, it has a downward and forward 
12 
 
movement andlarger than normal growth in the anterior-posterior dimension may result 




 found that the  anterior-posterior position of 
the maxilla was normal in most Class II skeletal cases, and in a retruded position in the 
remaining cases.  He also found that patients who had long lower anterior facial height 
and large mandibular plane often have a retruded maxilla and mandible.  
 Proffit
16
 describes the growth of the nasomaxillary complex as a result of passive 
displacement and active growth of the maxillary sutures and nose.  Passive displacement 
is created by the growth at the cranial base and pushes the maxilla forward.  It is an 
important growth mechanism in the primary dentition years but its importance diminishes 
when the synchondrosis of the cranial base slows as neural growth completes around age 
7.  Active growth of the maxillary sutures and nose contributes the majority of the 





reported the normal rate of growth of the maxilla is about 1 to 2 mm per year and that the 
effective maxillary length to effective mandibular length growth is in a linear direction.  
This relationship is related to the size of the patient, not age or sex.   
Mandible 
 Mandibular growth occurs by deposition and resorption in the posterior superior 
direction.  Therefore, the condyle grows into the glenoid fossa, and the mandible is 
displaced in a downward and forward position at the same rate as the growth of the 
mandible.  The direction of the new bone growth in the condyle and the displacement of 
the mandible are opposite.
42
  The growth of the mandible occurs at a continuous rate until 
puberty.  The ramus increases 1 to 2 mm per year and the body increases 2 to 3 mm per 
year.
16,18
  Mandibular growth plays a very important role in the formation of a Class II 
13 
 
skeletal profile.  Corpus length (Go-Gn), mandibular length (Ar-Gn), y axis (S-Gn-FH), 
and posterior-anterior facial height (PFH/AFH) all vary significantly between Class I and 
Class II patients.
42
  An increase in the corpus length and mandibular length occur during 
the growth spurt in Class I patients, but does not occur in Class II patients.  As well, y 
axis and mandibular plane angle increase in Class II patients, but decrease in Class I 
patients.
42
   Upper facial height (N-ANS) and total facial height (N-Me) increases at the 
same rate for Class I and II patients.  Posterior facial height (PFH/AFH) increases in 
Class I patients, but not in Class II patients.
42
  A steep occlusal plane can also lead to a 
retrusive mandible.
42
  Restricted mandibular growth may also occur due to a constricted 
maxillary arch.  This is due to the prevention of the forward movement of the maxilla and 
will not self correct without treatment.
43
 
 There are five different rotations of the mandible that can be used to predict 
growth patterns.  1) The axis of rotation is the condyle and the growth is upward.  This is 
usually seen in Class II division 2 patients.  2)  The axis of rotation is the incisal edge and 
causes downward rotational growth of the ramus which leads to a shallow mandibular 
plane angle and an increase in posterior face height.  3)  The axis of rotation is a fulcrum 
point on the molars, and causes a downward rotation of the posterior mandible and 
superior rotation of the anterior mandible.  This causes a decreased anterior facial height 
and increased posterior facial height which is commonly seen in Class II division 2 
patients.  4)  The axis of rotation is the center of the condyle and the rotation is 
downward and backward which causes an increase in anterior facial height, as seen in 
Class II division 1 patients.  5) The axis of rotation is a fulcrum point in the posterior 
dentition which leads to a downward and backward rotation of the mandible causing an 
14 
 




Diagnosis of Class II Malocclusion 
 
A Class II skeletal pattern is one that includes the mandible positioned in a distal 
relationship to the maxilla and can be a result of mandibular retrusion, maxillary 
protrusion, or a combination of both.  Because the mandible is a hinge joint, the vertical 
component of the dentofacial complex is also important in Class II malocclusions.  A 
decrease in vertical dimension of the anterior face causes the mandible to rotate upward 
and forward reducing the anteroposterior discrepancy.  An increase in vertical dimension 
will cause the mandible to rotate downward and backward worsening the skeletal 
relationship.  In addition, the incisors can be proclined, normal, or retroclined.  Many 
factors contribute to a Class II skeletal malocclusion, and an analysis of the dentofacial 
complex is important in describing the components of a particular malocclusion.  These 
components are best analyzed cephalometrically using a number of different radiographic 
analyses.  Nasion perpendicular to point A (NP-A)
45
 and Sella-Nasion-Point A (SNA)
33,46
 
are two measurements which measure the position of the maxilla which is usually normal 
or slightly retruded in Class II patients.  The maxillary incisors should be 4 to 6 mm from 
a perpendicular line drawn through point A.
18,45,47
  The upper central incisor is normal in 
50%, retroclined in 30%, and proclined in 20% of Class II patients.
27
  Mandibular 
position relative to the cranial base can be measured from Pogonion to the nasion 
perpendicular
48
 and from Sella-Nasion-Point B (SNB).
33,46
  A line from the tip of the 





As mentioned earlier, the vertical component of the skeletal malocclusion can 
make an impact on the extent of the Class II deformity by either concealing or 
magnifying the retrusion of the mandible.
50,51
  A decreased vertical dimension causes the 
mandible to rotate upward and forward which can mask a deficient mandible.  Increased 
facial height can cause an even more retrusive mandible, poorly defined chin, a 
hyperactive mentalis, and open bite tendency.  The vertical dimension can be measured 
radiographically by using the mandibular plane angle (MP-SN, MP-FH) and lower facial 
height (anterior nasal spine to menton).
27
 
The transverse dimension is also important to evaluate on Class II patients.  The 
transverse width of the dental arches may appear normal when the patient is in centric 
occlusion, however a discrepancy of up to 5 mm may exist when the mandible is moved 
forward so that the canines and molars are in a Class I relationship.
52
  Class II 
malocclusions tend not to self correct and through growth is continued to be related with 
a decreased maxillary width.
43,53,54
  Patients with mild to moderate Class II skeletal 
discrepancies may benefit from rapid maxillary expansion during the mixed dentition, as 
it may allow for correction the occlusal relationship by encouraging a forward posturing 
of the mandible and preventing further restriction of mandibular growth.
47,55
 
Treatment of Class II Malocclusions 
 
Treatment of a Class II malocclusion greatly depends on the growth potential of 
the particular patient.  For patients with no remaining growth potential, treatment options 
include:  Compromise/non-extraction, camouflage/extraction, maxillary molar 
distalization, and surgery.  If surgery or extractions are not an option, the treatment is 
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often left with a compromised result of aligned teeth but a disharmonious molar 
relationship and residual overjet due to the skeletal discrepancy.  Camouflage treatment 
can sometimes use extractions to treat the malocclusion by creating space for malaligned 
teeth and reduction of overjet.  The most common Class II malocclusion extraction 
pattern is to remove the maxillary first premolars and the mandibular second premolars.  
If there is no crowding in the mandibular arch, extraction of upper first premolars only 
may be warranted to allow for a compromised overjet correction.  For minor Class II 
corrections, another option is to distalize the maxillary first molar to attain a Class I 
molar relationship.  However, the amount of correction is limited to only 1-2 mm.
56
  The 
final treatment option is surgery, which can include mandibular advancement or a 
mandibular and maxillary advancement.  This allows full skeletal correction and is the 
most ideal as it places the teeth in maximum intercuspation in a Class I relationship and 
puts the structures of the face in their most harmonious position.   However, this is the 
most invasive and costly of all the treatment options. 
Class II treatment for the growing patient has a different set of treatment options, 
and is usually timed around the peak of the growth spurt, 13.9±1.0 years in males and 
11.7±1.0 years in females.
57
  The treatment options include:  Non-extraction/compromise, 
extractions, and growth modification with a functional appliance.  Non-
extraction/compromise treatment will usually align the teeth, but possibly leave some of 
the overjet at the finish of treatment.  Extractions are sometimes necessary in the growing 
patient, and are usually reserved for situations of severe crowding.  The most common 
teeth to extract are the maxillary and mandibular first or second premolars, and which 





Surgery is not an immediate option in the growing patient; however, if a patient is 
interested in surgically correcting a skeletal discrepancy, treatment can be postponed until 
growth is complete.  If a patient has a moderate discrepancy and refuses surgery, or wants 
treatment immediately, growth modification with a functional appliance is a possible 
treatment option. 
History of functional appliances used to treat Class II 
malocclusions 
 
In 1877, Norman W. Kingsley was the first to introduce a functional appliance.  
His bite jumping appliance consisted of an upper plate with an inclined plane which 
forced the lower incisors and mandible anteriorly.  The rationale behind all Class II 
functional appliances is to force the mandible forward during function to stimulate 
condylar growth and correct the Class II malocclusion.  In the 1930’s the Andresen 
activator and similar appliances became widespread throughout Germany and 
Switzerland.
16,59




, functional appliances can be either 
passive tooth borne, active tooth borne, tissue borne, or a combination of the three.  The 
Activator, Bionator, Herbst and Twin Block are passive tooth borne appliances that 
depend on soft tissue and muscle activity to produce effects.  The activator is an acrylic 
block that covers the teeth and the palate and fit loosely to allow advancement of the 
mandible several millimeters and opens the bite 3-4 mm.  The Bionator is an activator 
with palatal coverage eliminated.  Active tooth borne appliances are passive tooth borne 
appliances with springs or screws attached which provide a force that produces treatment 
effects.  The tissue borne appliance rests on tissue only, and an example is the Frankel 
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appliance that consists of a small pad against the lingual mucosa beneath the lower 
incisors to stimulate mandibular repositioning.
16
    
The results of removable functional appliances are mixed.  Some studies claim 
that they increase mandibular growth
3,61-66
, and some show no effect on mandibular 
growth
67-70
.  Evaluating the results of removable functional appliances is difficult because 
the appliance is in the mouth only a portion of the day and the threshold for condylar 
adaptation may never be reached.  Patient compliance is a problem and inadequate 
appliance wear could produce mixed results.   As well, the treatment time is relatively 
long (2-4 years) and adequate control groups are often hard to find. 
The Herbst Appliance 
Fixed functional appliances have the advantage that they are fixed in the mouth; 
therefore, compliance is not an issue and treatment results are much more predictable.
5
  
Fixed appliances have the following advantages over removable appliances; no 
cooperation from the patient is required, is active all day and night, and treatment is 
shorter (6-9 months).
71,72
 The Herbst is one of the most common fixed functional 
appliances for the correction of Class II malocclusions.  The Herbst appliance was first 
introduced in 1909 by Emil Herbst and several articles were presented on the appliance in 
1934.
73
  The Herbst appliance stayed relatively unknown until Dr. Hans Panchrez wrote a 
paper about it in 1979
71
, and the use of the appliance spread throughout Europe and North 
America.  Variations of the Herbst then became popular, altering from the original design 
of orthodontic bands on the upper first molars and the lower first premolars connected by 
a piston.  These variations included the bonded acrylic Herbst
74
, cast splint Herbst
56,75
, 





Indications and timing for the Herbst appliance 
 The Herbst appliance is indicated for the treatment of growing individuals with 
Class II/Div 1 and Class II/Div 2 malocclusions.  Research has shown that the largest 




Effects of the Herbst Appliance 
• Skeletal Changes 
The Herbst appliance’s restrains the horizontal growth of the maxilla in a 
similar fashion as headgear.
71,81
  There is decreased horizontal growth in the 
maxilla
11,12,82,83
, and a slight clockwise rotation of the palatal plane
82,83
, but the 
overall size of the maxilla is unaffected.
12,82
  The mandible has been reported to 
increase in sagittal length by 1.3mm to 3.5mm as a result of Herbst 
treatment.
12,56,71,81-87
  An anterior-posterior remodeling of the tempromandibular 
joint also can occur with the Herbst appliance.  There is some radiographic 
evidence that the articular fossa remodels in an anterior direction
56,71,88
, but some 
feel this remodeling does not significantly contribute to Class II correction.
89
 
• Dental Changes 
The Herbst appliance has maxillary dental effects very similar to a high 
pull headgear.  The maxillary molars are both distalized and intruded
11,56,71,82,83,85-
87,90
, but some of these effects are temporary as some extrusion and mesial 
movement of the upper first molar occurs after treatment.
90
  The mandibular 
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dentition moves in an anterior direction, proclining and intruding the lower 
incisors
11,56,71,86,90
, but they do relapse and retroclined slightly after treatment.
82
  




• Vertical Changes 
The Herbst appliance reduces the amount of overbite by the intrusion and 
proclination of the lower incisors and eruption of the lower molars.
11,71,81,91
    It 
has been noted that the Herbst does slightly increase the lower facial height
11,71
, 
but others have found no increase in lower facial height.
56,82
  There is little effect 
on the mandibular plane angle
11,56,71,82,83




• Post Treatment Relapse 
It has been reported that the changes which occur with the Herbst 
appliance relapse at the conclusion of treatment.  These changes are a tipping of 
the palatal plane up anteriorly, mesial and extrusive movements of the maxillary 
first molar, and uprighting of the lower incisors.
72,82
  A long term study
92
 has 
shown that after 4 years of retention, a control group had almost the same amount 
of mandibular growth as a Herbst treatment group.  This occurred by the growth 
of the treatment group slowing to less than the level of the control group until the 
control group’s amount of growth caught up.  Some studies have shown that the 
skeletal effects of the Herbst are temporary.
10,83
  Some research exists which 
recommends that Herbst treatment be timed so the permanent bicuspids are 
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erupted and through good interdigitation, prevent a high degree of skeletal and 
dental relapse.
12,56,81,83,93
  Therefore, a solid functional occlusion can help prevent 
post treatment relapse. 
The Jasper Jumper 
The Jasper Jumper was introduced in the 1990’s and consists of two flexible 
springs connected to the upper first molar and the lower archwire to produce a light 
protrusive force to the mandible.  Cope et al
94
 found that the changes were mostly 
dentoalveolar, although other studies have reported up to 3-40% skeletal effects of the 
appliance.
95-97
  Effects of the dentition include a clockwise rotation of the occlusal plane, 
without much alteration of the vertical dimension.
95
  However, Stucki et al
98
 found that 
only 60% of the changes obtained with a Jasper Jumper remained after a retention period 
of 7 months. 
 Studies have shown that short term treatment effects of functional appliances can 
result in correction of Class II mandibular retrusion due to mandibular lengthening, 
dental changes, and glenoid fossa remodeling. 
6,9-15,99,100
  However, long term studies 
have been infrequent.  Nelson et al
101
 concluded that changes associated with a functional 
appliance may be marked in the short term, however, long term follow up revealed that 
the changes were not sustained. 
Class II Interarch Elastics 
 Another method of treating Class II malocclusions is through the use of intraoral 
elastics to provide an anterior force in the mandible, and a distal force on the maxilla.  
The treatment effects of Class II elastics have been well documented and changes can be 
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seen in the glenoid fossa and the head of the condyle, however, most of the treatment 
effects are dentoalveolar.
102-105
  Thus, treatment with Class II elastics resolves the jaw 
discrepancy through some slight stimulation of mandibular growth
106
, but mostly through 
the rotation of the occlusal plane, proclination of the mandibular incisors, mandibular 
incisor intrusion, mandibular molar and maxillary incisor extrusion and retrusion of the 
maxillary incisors.
107-113
  Nelson et. al
112
 directly compared the treatment effects of Class 
II elastics to the Herbst appliance and found that while molars correction were similar, 
the mandibular plane angle and the lower facial height increased more in the elastics 
group than in the Herbst group.  They found that skeletal correction of the Class II 
malocclusion for the Herbst group was 66%, while only 10% for the elastics group. 
The Forsus FRD 
 
The Forsus FRD was introduced by 3M/Unitek in 1999 and was marketed as a Class 
II elastic and Herbst replacement.  However; unlike the Herbst appliance which is 
designed to be used before orthodontic appliances, the Forsus FRD is designed to be used 
during the final stages of orthodontic appliance treatment.  The Forsus appliance 
originally consisted of a flat Nickel Titanium rod that held the mandible in a protruded 
position and has now evolved to include an appliance that clips into headgear tubes on 
the buccal of the maxillary first molar bands.  This clip (Forsus EZ2 Module) is attached 
to a Nickel Titanium spring and rod that hooks onto the lower archwire between the 
lower first premolar and the lower canine brackets to apply a maximum 200g of force 
when fully compressed to keep the mandible in a protruded position.
114




Figure 1. The Forsus Fatigue Resistant Device 
 
The level of force applied, however, is not constant.  As the patient opens, the force 
becomes less, and as the patient closes, the force level is increased.  According to 3M 
Unitek, force levels are similar to Class II elastics, as are the treatment effects, except that 
Class II correction is typically seen quicker as the Forsus is fixed and cooperation is not 
an issue as it is with Class II elastics.
115
 
There have been case reports of the fatigue resistant module breakage
116
 however, 
other studies document the good resiliency of the Niti springs.
117
  An updated EZ module 
has also been released to help reduce breakage, and recent 3M Unitek literature states that 
the Forsus appliance has been compression cycled tested over 5 million times without 
breakage or force fatigue.
115
  To date only 10 articles including case reports have been 
published on all the different Forsus devices.  




All functional appliances are aimed at encouraging growth and maximum skeletal 
results are therefore more likely in a growing individual.
72
  In non-growing patients, 
jumping the bite with any appliance would likely result in maximum dental effects
72
, 
possibility of developing a dual bite
118
, and possible development of TMD
119
.  Fixed 
functional appliances can be useful in situations that would be difficult for a removable 
functional appliance such as uncooperative patients and mouth breathers.
72
  The Forsus 
FRD can be used in any situation that Class II elastics or a Herbst appliance would be 
used.
114
  Ideally, the patient’s case would be treatment planned from the beginning to use 
a Forsus FRD which would allow the option of using negatively inclined lower incisor 
brackets to minimize lower incisor flaring.  However, the Forsus FRD can be used on 
non-compliant patients who refuse to wear Class II elastics.
114
  Studies have shown that 
the Forsus FRD worked as good as Class II elastics, and required no compliance.
120
 
Effects of the Forsus FRD 
 
• Sagittal Changes 
Few studies exist that demonstrate the sagittal effects of the Forsus 
FRD.  Heinig et al.
121
 in 2001 found that the Forsus FRD corrected Class II 
malocclusions and that the correction was 66% dental, and 34% skeletal.  The 
correction was obtained by: distal movement of the maxillary molars, mesial 
movement of the mandibular molars, retroclination of the upper incisors, 
proclination of the lower incisors, retardation of the sagittal growth of the 
maxilla and increased growth of the mandible.
121
  However, this study did not 
compare the results to an untreated control group to account for the effects of 
growth.  Karacay et al.
122
 compared the Forsus Nitinol Flat Spring to the 
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Jasper Jumper and an untreated control group and found a combination of 
skeletal and dental effects that were similar in both appliances that lead to the 
correction of the Class II malocclusion.  Jones et al.
120
 compared the Forsus 
FRD to Class II elastics and found that both corrected Class II malocclusions, 
but the Forsus FRD had statistically significantly more mandibular molar 
mesial movement and better total molar relationship correction.  However, 
this study also did not compare the results to an untreated control group to 
account for the effects of growth.  Other studies have also shown the Forsus 




• Vertical Changes 
The vertical changes noticed during Forsus FRD correction include an 
intrusion of the maxillary first molars that allowed for correction without bite 
opening.
114
  A clockwise rotation of 4.2° of the occlusal plane has also been 
noted due to the intrusion of the maxillary first molars and lower incisor, 
which lead to a reduction of the overbite.
121
  Similar findings have also been 
reported by some studies,
122
 while others found extrusion of both maxillary 
and mandibular first molars.
120
 
• Long Term Post Treatment Effects 
No articles were found describing the long-term post treatment effects 




Timing of the Forsus FRD treatment 
 
As mentioned previously, functional devices should be used at the peak of the growth 
spurt to maximize modification of skeletal growth and minimize dental changes.
57,81
  This 
will help minimize unwanted dental effects such as proclination of the lower incisors and 
maximize the amount of mandibular condylar growth.
81
  Placement of the Forsus FRD 
must wait until after the teeth are leveled and aligned and a near full size arch wire 
(19x25 stainless steel in .022 slot, 17x25 stainless steel in .018 slot) is in place on the 
mandibular arch.
114
  3M Unitek also recommends that the upper and lower arch wires 
should be cinched distal to the most posterior bracket to allow the arches to move as a 
whole and minimize dental effects of the Forsus FRD. 
Dr. Shammaa’s Forsus FRD protocol 
 
Dr. Imad Shammaa’s patient Forsus FRD protocol is as follows: 
1. Upper and lower molars are banded with Unitek .022 slot MBT prescription 
bands.  The upper first molar bands have an occlusal headgear tube which 
allowed the engagement clip of the pushrod device to secure to it. 
2. Upper and lower second premolar to second premolar are bonded using 
Unitek Victory Series .022 slot Low Profile MBT brackets. 
3. The teeth are leveled and aligned using an archwire sequence of: .014 Niti, 
16x22 Niti, 16x22 Stainless Steel (SS), and 19x25 SS. 
4. Once all the teeth are leveled and aligned and the spaces were closed, the 
Forsus FRD with EZ clip is attached to the occlusal headgear tube on the 
upper first molar and the lower 19x25 SS wire between the lower first 
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premolar and the lower canine.  The maxillary and mandibular arches are 
colligated from first molar to contralateral first molar on a 19x25 SS wire to 
minimize any unwanted proclination of the lower incisors, as per 
manufacturer’s instructions. 
5. The Forsus FRD is then left in place for between 6-12 months, depending on 
the severity of the malocclusion.  The average time the Forsus FRD in place is 
9 months. 
6. Once all appliances were removed, the upper and lower teeth are retained with 





CHAPTER 3: MATERIALS AND METHODS 
Sample Description 
Experimental Group: 
 The experimental group originally was composed of 56 consecutively treated 
patients treated with orthodontic fixed appliances and the Forsus FRD by Dr. Imad 
Shammaa in his private practice in Charleston, West Virginia.  The following inclusion 
criteria was used to obtain the sample: no history of orthodontic treatment before the 
initial radiograph, acceptable quality radiographs for both timepoints, and remaining 
growth potential as confirmed by CVM.  Exclusion criteria included poor quality 
radiographs, missing radiographs for either timepoint, and no remaining growth potential 
as confirmed by CVM.  The final sample size was reduced to 24 patients (9 females, 15 
males) after ruling out patients who did not meet the criteria.  The treatment records 
consisted of lateral cephalometric radiographs taken at two time points throughout 
treatment.  They were taken prior to treatment (T1), and after treatment with the Forsus 
FRD and removal of fixed orthodontic appliances (T2). 
T1 Pre Treatment 
T2 Post treatment after Forsus FRD and Fixed Orthodontic Appliances 
Table 1. Description of timepoints used in the study 
 
Control Group: 
 The data for the control group was obtained from a collection of patients 
previously collected from the Bolton-Brush Study.  The control group consisted of serial 
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cephalometric radiographs of subjects with Class II malocclusions with no history of 
orthodontic treatment which were matched in age, sex, and crainiofacial morphology as 
closely as possible with the experimental subjects.  Each control subject was matched 
with a cephalometric radiograph taken at the same time periods as the treatment subjects. 
Sample Size 
 The final treatment group consisted of 24 subjects (9 females and 15 males).  The 
control group was collected from Wigal
125
 consisted of 22 subjects (15 females and 7 
males).  
Sex Distribution 
The sex of the treated and control groups did not exactly match.  The control 
group consisted of 15 females and 7 males, and the treatment group consisted of 9 
females and 15 males.   
Age Distribution 
As the treatment group was compared to existing data from the work of Wigal
125
, 
the groups age were matched as closely as possible, but were not exactly matched. (Table 
2).  The mean age of the treatment group at T1 for pooled subjects was 10.7 years.  The 
mean age of the control group at T1 for pooled subjects was 10.3 years.  The mean age of 
the treatment group at T1 for male subjects was 10.8 years.  The mean age of the control 
group at T1 for male subjects was 10.5 years.  The mean age of the treatment group at T1 
for female subjects was 10.5 years.  The mean age of the control group at T1 for female 
subjects was 10.3 years.  Age distributions for both the treatment and control groups for 
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pooled subjects, male subjects, and female subjects at each time point (T1 and T2) are 
reported in Table 2.  No significant differences were found between the treatment and 
control groups for any of the time periods (T1 and T2).  Analysis was then performed at 
both timepionts. 
    MEAN S.D. MAX MIN DIFF SIG 
POOLED               
T1 
Control 10.3 1.1 13.1 8.1 
0.3 NS Treatment 10.7 1.5 13.6 7.7 
T2 
Control 14.7 1.5 18.7 13.0 
0.2 NS Treatment 14.5 1.2 16.6 11.8 
MALES               
T1 
Control 10.5 1.4 13.1 8.5 
0.3 NS Treatment 10.8 1.3 12.5 8.8 
T2 
Control 15.2 1.9 18.7 13.0 
0.5 NS Treatment 14.8 1.2 16.6 11.8 
FEMALES               
T1 
Control 10.3 1.0 12.0 8.1 
0.3 NS Treatment 10.5 1.9 13.6 7.7 
T2 
Control 14.4 1.3 17.0 13.0 
0.4 NS Treatment 14.0 1.0 15.4 12.8 
 
Table 2.  Age Distribution 
 
CVM Distribution 
 The Cervical Vertebra Maturation (CVM) for each patient was determined in the 
manner as described by Baccetti et al
126
.  The average CVM stage at the T1 was 1.8.  The 
average CVM stage at T2 was 4.9.  According to Baccetti et al
126
 this means that the 
initial pretreatment radiograph was taken before the peak of the pubertal growth spurt 
which is associated with the CVM stage 3, and the final radiograph was taken after the 
peak of the pubertal growth spurt.  Therefore, the treatment group entered their peak 





The Forsus appliance was used to correct a Class II malocclusion once the upper and 
lower arches have been leveled and aligned and there is a working wire with sufficient 
strength in use.  Dr. Imad Shammaa’s patient Forsus FRD protocol was as follows: 
1. Upper and lower molars were banded with Unitek .022 slot MBT prescription 
bands.  The upper first molar bands had an occlusal headgear tube which 
allowed the engagement clip of the pushrod device to secure to it. 
2. Upper and lower second premolar to second premolar were bonded using 
Unitek Victory Series .022 slot Low Profile MBT brackets.  The lower incisor 
brackets had a -6° inclination to help minimize the anterior proclination that is 
a side effect of all Class II correction. 
3. The teeth were leveled and aligned using an archwire sequence of: .014 Niti, 
16x22 Niti, 16x22 Stainless Steel (SS), and 19x25 SS. 
4. Once all the teeth were leveled and aligned and the spaces were closed, the 
Forsus FRD with EZ clip was attached to the occlusal headgear tube on the 
upper first molar and the lower 19x25 SS wire between the lower first 
premolar and the lower canine.  The maxillary and mandibular arches were 
colligated from first molar to contralateral first molar on a 19x25 SS wire to 
minimize any unwanted proclination of the lower incisors, as per 
manufacturer’s instructions. 
5. The Forsus FRD was then left in place for between 6 top 12 months with an 
average time of 9 months, depending on the severity of the malocclusion.  
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Overcorrection with the Forsus FRD was achieved where possible to account 
for relapse.  
6. After Forsus FRD removal, Dr. Shammaa then finalized the occlusion using 
the same 19x25 SS wires, and then removed all orthodontic appliances. 
7. Once all appliances were removed, the upper and lower teeth are retained with 
upper and lower Hawley retainers. 
8. Radiographs were taken before any treatment began (T1) and at a recall 
appointment after removal of all orthodontic appliances (T2). 
IRB Approval 
 IRB exemption was obtained from West Virginia University prior to beginning 
this study (Appendix A).  Approval was also obtained from Dr. Imad Shammaa for the 
use of his orthodontic records. (Appendix B)   
Cephalometric Analysis 
 Lateral Cephalograms were obtained from the office of Dr. Imad Shammaa for 
the experimental group.  The time points obtained were Pre Treatment (T1) and Post 
Treatment after Forsus FRD and removal of fixed orthodontic appliances (T2).  The 
radiographs were obtained electronically via an online collaboration service Sesame 
(Sesame Communications, Seattle, WA).  Files were downloaded in jpeg format, and 
then digitized in Dolphin Imaging (Dolphin Imaging, Chatsworth, CA) for initial 
landmark identification and to adjust for magnification.  Each image was then printed 1:1 
to ensure there was no magnification.  The files were printed on a Dell Color Laser 
Printer 5110cn (Dell Inc, Round Rock, TX).  Data for control subjects was obtained from 
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the thesis of Wigal
125
, which also was adjusted for magnification so all measurements 
were made 1:1.   
 Tracings were made on the printouts, and final landmark identification was 
performed while viewing the original digital file.  Tracings of the entire treatment group 
were performed by one operator using a #2 HB mechanical lead pencil (Zebra .5mm 
lead), an orthodontic protractor, and .003 inch matte cephalometric acetate tracing film 














Symbol Name Definition 
Ii Incision inferious The incisal point of the most prominent mandibular central incisor 
Is Incision superious The incisal point of the most prominent maxillary central incisor 
Iia Mandibular incisor 
apex 
The root apex of the most prominent mandibular central incisor 
Isa Maxillary incisor apex The root apex of the most prominent maxillary central incisor 
Mi Molar inferious The mesial contact point of the mandibular permanent first molar 
Mic Molar inferious mesial 
cusp 
The mesio-buccal cusp tip of the mandibular first molar 
Ms Molar superious The mesial contact point of the maxillary permanent first molar 
Msc Molar superious mesial 
cusp 
The mesio-buccal cusp tip of the maxillary first molar 
Co Condylion The most supero-posterior point on the curvature of the condylar head 
Pg Pogonion The most prominent point of the chin 
ANS Anterior Nasal Spine The apex of the spina nasalis anterior 
A pt. Subspinale The deepest point in the concavity of the anterior maxilla between the 
Ans and alveolar crest 
PNS Posterior Nasal Spine The most posterior point on the contour of the palate in the 
midsagittal plane 
Me Menton The deepest point of the mandibular symphysis 
Go Gonion The lowest point of the bony contour of the angle of the mandible 
S Sella The center of Sella turcica 
N Nasion The most anterior point of the nasofrontal suture 
B pt. Supramentale The innermost point on the contour of the mandible between the 
incisor tooth and the bony chin 
Gn Gnathion The center of the inferior point on the mandibular symphysis 
 
Table 3. Skeletal and Dental Landmarks 
 
Symbol Name Definition 
NSL Sella-Nasion Line Reference line joining Nasion and Sella 
OL Occlusal Line Reference line joining the maxillary incisal edge and the molar 
superious mesial cusp tip 
OLp Occlusal Line 
Perpendicular 
Reference line produced by dropping a perpendicular line from sella 
to the occlusal plane 
Ols Occlusal Line Sella Reference line parallel to OL passing through sella (perpendicular to 
OLp passing through sella) 
NL Maxillary Line Reference line joining anterior nasal spine and posterior nasal spine 
ML Mandibular Line Reference line joining menton and gonion 
 
Table 4. Definition of Reference lines 
 The measurement for each angular variable was performed by using a 
cephalometric protractor and was measured to the nearest 0.5 degree.  The measurement 
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for each sagittal and vertical measurement was performed with an electronic digital 
caliper and measured to the nearest 0.1 mm.  The caliper was calibrated to 0.0 mm prior 
to each measurement.  Lateral cephalograms often present landmarks with right and left 
images; therefore, the midpoint bisecting the two images was used. 
Sagittal Measurements 
Sagittal skeletal and dental changes were measured by forming a reference grid 
based on the occlusal line (OL) and occlusal line perpendicular (OLp), obtained from the 
T1 lateral cephalogram. (Figure 2)  This reference grid was used for all sagittal 
measurements between OLp and the cephalometric landmarks.  The reference grid from 
T1 was transferred to T2 radiographs by superimposition on the anterior cranial base.  
Measurements were taken from OLp to landmarks as well as four other measurements: 
Condylion—A pt (Co-Apt); Condylion—Gnathion (Co-Gn); Condylion—Gnathion 
minus Condylion—A pt. (Co-Gn minus Co-Apt); and Wits analysis.  (Table 5) 
 
Variables Definition 
Skeletal measuring points:  
OLp—A pt. Position of maxillary base 
OLp—Pg Position of mandibular base 
OLp—Co Position of Condyle 
Co—A pt. Effective midface length 
Co—Gn Effective mandibular length 
Co—Gn minus Co—A pt. Maxillomandibular length differential 
Wits analysis Position of the maxillary base relative to the mandibular base 
Dental measuring points:  
Is—OLp Position of maxillary central incisor 
Ii—OLp  Position of mandibular incisor 
Is—OLp minus Ii—OLp Overjet 
Ms—OLp Position of maxillary first permanent molar 
Mi—OLp Position of mandibular first molar 
Ms—OLp minus Mi—OLp Molar Relationship 
 








Figure 2. Cephalometric landmarks and lines for sagittal measurements 
Vertical Measurements 
 
Vertical measurements included OLs, NL, and ML, and OL (Figure 3).  OLs was 
obtained from the T1 radiograph and transferred by superimposition on the anterior 
cranial base to the T2 radiographs.  A measurement from ANS to Me (ANS-Me) was also 






Skeletal measuring points:  
OLs—A pt. Maxillary vertical position 
ANS—Me Lower facial height 
Dental measuring points:  
Is—NL Position of maxillary central incisor 
Ii—ML Position of mandibular central incisor 
Distance from Ii perpendicular To OL Overbite 
Msc—NL Position of maxillary permanent first molar 
Mic—ML Position of mandibular permanent first molar 
 




Figure 3. Cephalometric landmarks and lines for vertical measurements 
Angular Measurements 
 
Angular measurements were used to identify changes in the dentofacial complex 






Skeletal measuring points:  
SNA Maxillary base relative to SNL 
SNB Mandibular base relative to SNL 
ANB SNA minus SNB 
SNL—NL Palatal plane angle 
SNL—ML Mandibular plane angle 
SNL—OLf Occlusal plane angle (Functional occlusal plane) 
Dental measuring points:  
Is/NL Maxillary central incisor angle 
Ii/ML Mandibular central incisor angle 
Isa—Is/Iia—Ii Interincisal angle 
 
Table 7. Angular Measurements 
 




 The reliability of the cephalometric measurements was tested by evaluating the 
error in locating, superimposing and measuring the differences in the landmarks. Pre 
39 
 
Treatment (T1), and Post Treatment (T2) radiographs of ten randomly selected patients 
were retraced two weeks after initial tracing and were analyzed to evaluate the error.  For 
all cephalometric variables, differences between the measurements from the first and 
second tracings were compared for each individual at T1 and T2.  A matched pairs t-test 
was performed to compare the two sets of measurements.  A correlation coefficient was 







Mean (1st) Mean (2nd) Correlation Mean (1st) Mean (2nd) Correlation 
Sagittal:             
1.  Olp-A pt. 70.3 70.6 0.99 74.1 73.8 0.97 
2.  Olp-Pg 71.1 71.2 0.98 77.3 77.3 0.99 
3.  Olp-Co 10.5 10.2 0.99 12.3 12.6 0.98 
4.  Co-A pt. 81.3 81.4 0.98 87.1 86.9 0.98 
5.  Co-Gn 98.5 98.1 0.99 108.6 108.9 0.99 
6.  Co-Gn minus Co-A pt. 17.1 16.7 0.97 21.5 22.0 0.99 
7.  Wits 1.5 1.6 0.97 -0.3 -0.3 0.98 
8.  Is-Olp 78.4 78.6 0.99 80.9 80.9 0.99 
9.  Ii-Olp 70.8 71.0 0.99 77.5 77.4 0.98 
10.  Overjet 7.7 7.6 0.99 3.4 3.5 0.89 
11.  Ms-Olp 48.1 48.1 0.99 52.9 53.0 0.98 
12.  Mi-Olp 47.4 48.0 0.95 55.4 54.8 0.98 
13.  Molar Relationship 0.8 0.1 0.90 -2.5 -1.8 0.79 
Vertical:             
14.  OLs-A pt. 29.1 28.7 0.99 32.5 32.4 0.98 
15.  ANS-Me 58.0 57.8 0.99 62.9 62.9 0.99 
16.  Is-NL 29.0 29.1 0.98 30.3 30.5 0.99 
17.  Ii-ML 36.2 36.2 0.99 37.7 37.9 0.99 
18.  Overbite 3.9 3.9 0.98 2.2 2.3 0.98 
19.  Msc-NL 18.7 18.6 0.98 21.7 21.6 0.99 
20.  Mic-ML 25.2 25.4 0.98 29.0 29.2 0.98 
Angular:             
21.  SNA 81.6 82.0 0.97 81.5 81.3 0.98 
22.  SNB 76.1 76.3 0.98 77.1 77.2 0.99 
23.  ANB 5.6 5.7 0.95 4.4 4.1 0.96 
24.  SNL-NL 6.9 6.5 0.96 7.0 7.2 0.98 
25.  SNL-ML 34.0 34.3 0.99 33.3 33.1 0.99 
26.  SNL-OL 20.3 20.6 0.97 19.5 19.7 0.97 
27.  Is/NL 115.6 115.4 0.98 112.3 112.9 0.98 
28.  Ii/ML 92.2 91.5 0.99 96.3 95.8 0.99 
29.  Interincisal Angle 124.2 124.8 0.99 124.7 124.8 0.99 
 




The method of cephalometric analysis used in this study was determined to be 
reliable.  This included the identification of landmarks, superimposition of radiographs, 
and the measurements taken at each timepoint.  The correlations ranged from .79 to .99, 
which means that the method of data collection was reliable.  
Evaluation of Overjet and Molar Relationship Correction 
 To determine the amount of skeletal and dental contribution to the overjet and 
molar relationship correction, the amount of dental change in the maxilla and mandible 
was calculated. The method of obtaining these measurements is shown below (Table 9). 
 






3. Is-OLp minus OLp-Apt 




Sum of 1,2,3,and 4 
Skeletal contributions: 
  1.  OLp-Apt 
  2.  OLP-Pg 
 
Dental contributions: 
3. Ms-OLp minus OLp-Apt 
4. Mi-OLp minus OLp-Pg 
 
Molar relationship correction: 
 
Sum of 1,2,3,and 4 
 
 
Table 9.  Calculation of Overjet and Molar Relationship Changes 
 





   
Overjet Correction = Maxilla + Mx incisor – Mandible – Md incisor 
Maxilla = OLp-A pt. 
Mx incisor = Is-OLp minus OLp-A pt. 
Mandible = OLp-Pg 




When adding figures from the above table, the following formula was used for molar 
relationship correction or increase; 
 
 
Net Overjet/Molar Relationship Changes:  When determining the net treatment effect of 
overjet and molar relationship correction, the control group figures were subtracted from 
the treated group.  Calculations were made for the treatment group minus the control 
group at various time periods and the same formulas were used to calculate net overjet 




Maxilla = OLp-A pt. (treated) minus OLp-A pt. (control) 
Mx incisor = (Is-OLp minus OLp-A pt.(treated)) minus (Is-OLp minus OLp-A pt.(control)) 
Mandible = OLp-Pg (treated) minus OLp-Pg (control) 
Mandibular incisor = (Ii-OLp minus OLp-Pg(treated)) minus (Ii-OLp minus OLp-Pg(control)) 
Net Overjet Correction = Maxilla + Mx incisor – Mandible – Md incisor 
Maxilla = OLp-A pt. 
Maxillary molar = Ms-OLp minus OLp-A pt. 
Mandible = OLp-Pg 
Mandibular molar = Mi-OLp minus OLp-Pg 
Molar Relationship Correction = Maxilla + Mx Molar – Mandible – Md Molar 
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When comparing the treated and control subjects for net molar relationship correction the 





 A matched pairs t-test was used to compare the starting forms between the 
treatment and control subjects at T1.  The differences between the treatment and control 
subjects for each variable across the three time periods (T1 through T2) were analyzed 
for pooled subjects (males and females combined), male subjects, and female subjects.  A 
repeated measures analysis of variance (ANOVA) was performed to determine if the 
differences between the treatment and control subjects were the same across the two time 
periods.  A matched pairs t-test was performed for each variable to identify the overall 
treatment effects of the fixed orthodontic appliances and the Forsus FRD appliance (Tx 
(T2-T1)) minus (Control (t2-t1)).  A level of significance of p<0.05 (95% confidence 
interval) was used in this study. 
Reliability was tested by using a matched pairs t-test to evaluate the correlation 
between measurements made at the initial tracing and measurements made on the same 
tracing at a later time.  (Table 8)  Correlation coefficients were reported to determine how 
Maxilla = OLp-A pt. (treated) minus OLp-A pt. (control) 
Mx molar = (Ms-OLp minus OLp-A pt.(treated)) minus (Ms-OLp minus OLp-A pt.(control)) 
Mandible = OLp-Pg (treated) minus OLp-Pg (control) 
Mandibular incisor = (Mi-OLp minus OLp-Pg(treated)) minus (Mi-OLp minus OLP-Pg(control)) 
Net Molar Relationship Correction = Maxilla + Mx molar – Mandible – Md molar 
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strongly the first measurements were associated with the second measurements for each 
variable at every time period in ten individuals. 
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CHAPTER IV:  RESULTS 
Distribution of Variable Measurements 
 The measurements for each of the 29 variables in both the treatment and control 
groups were analyzed.  The mean, standard deviation, maximum, and minimum for each 
variable measurement were recorded for pooled subjects, male subjects, and female 
subjects at each time period (T1 and T2).  Distributions of the variable measurements in 
both the treatment and control groups for pooled, male and female subjects at each time 
period are reported in Appendix C-Appendix H. 
Pre-treatment Craniofacial Morphology of the Treatment vs. the 
Control Group 
 
 The pre-treatment craniofacial morphology of the treatment group and the control 
group were analyzed to determine if there were any statistically significant differences in 
any of the 29 variables used in this study.  Differences were analyzed at T1 for pooled, 
male, and female subjects. 
 For pooled subjects, only 7 of the 29 variables were significantly different 
between the treatment group and control group at T1 (Table 10).  Wits, Overjet, Molar 
Relationship, Ols-Apt, Is-NL, and Overbite were significantly greater in the treatment 
group than in the control group.  Mic-ML was significantly less in the treatment group 
than in the control group.  All other variables showed no significant differences at T1 
between the treatment and control groups. 
 For males, only 1 of the 29 variables was significantly different between the 
treatment group and control group at T1 (Table 11).  Mic-ML was significantly less in the 
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treatment group than in the control group.  All other variables showed no significant 
differences at T1 between the treatment and control groups. 
 For females, 6 of the 29 variables were significantly different between the 
treatment group and control group at T1 (Table 12).  Wits, Overjet, Molar Relationship, 
Overbite, and ANB were significantly greater in the treatment group than in the control 
group.  Co-Gn minus Co-Apt was significantly less in the treatment group than in the 
control group.  All other variables showed no significant differences at T1 between the 
treatment and control groups. 
 The data suggest that the pre-treatment craniofacial morphology of the treatment 
group and the control group were very similar; however, there were some differences.  
For pooled subjects, it appears that the treated group had a more slightly larger Class II 
malocclusion, as the ANB (0.8º greater), Wits (1.2mm greater), and Overjet (2.5mm 
greater) were significantly larger in the T1 treatment group compared to the T1 control 
group.  It also appears that the treatment group started with a slightly deeper overbite 
(.8mm greater), as confirmed with the increased Is-NL (2.6mm greater), and decreased 
Mic-ML (1.5mm less) suggesting more eruption of the upper central incisors and 









Sig Mean S.D. Mean S.D. Diff. 
Sagittal:               
Olp-A pt. 70.3 4.2 70.9 4.5 0.6684 0.6 NS 
Olp-Pg 73.9 4.8 72.4 5.3 0.3286 -1.5 NS 
Olp-Co 10.0 2.2 9.8 3.4 0.7782 -0.2 NS 
Co-A pt. 80.7 4.1 81.3 5.3 0.6852 0.6 NS 
Co-Gn 99.7 5.3 99.3 7.0 0.8091 -0.5 NS 
Co-Gn minus Co-A pt. 19.0 3.0 18.0 3.5 0.2948 -1.0 NS 
Wits 0.6 1.7 1.8 1.9 0.0269 1.2 * 
Is-Olp 77.2 5.5 78.9 5.4 0.2925 1.7 NS 
Ii-Olp 71.9 4.8 71.1 4.8 0.5618 -0.8 NS 
Overjet 5.3 1.6 7.8 2.9 0.0008 2.5 * 
Ms-Olp 49.2 3.8 48.8 4.7 0.7440 -0.4 NS 
Mi-Olp 49.0 4.3 47.5 4.6 0.2549 -1.5 NS 
Molar Relationship 0.2 0.9 1.3 1.8 0.0117 1.1 * 
Vertical:               
Ols-Apt 26.9 2.3 30.2 5.7 0.0131 3.3 * 
ANS-Me 59.0 5.1 57.5 5.8 0.3620 -1.5 NS 
Is-NL 26.0 2.6 28.5 3.1 0.0036 2.6 * 
Ii-ML 35.4 3.3 36.3 3.3 0.3720 0.9 NS 
Overbite 3.1 1.4 3.9 1.2 0.0255 0.8 * 
Msc-NL 18.5 2.0 18.6 2.1 0.8809 0.1 NS 
Mic-ML 27.0 2.4 25.5 2.4 0.0449 -1.5 * 
Angular:               
SNA 80.1 2.8 81.1 3.1 0.2623 1.0 NS 
SNB 75.8 2.9 75.9 2.6 0.8411 0.2 NS 
ANB 4.3 1.3 5.1 1.8 0.0796 0.8 NS 
SNL-NL 6.4 2.9 7.2 3.0 0.3755 0.8 NS 
SNL-ML 33.4 4.8 32.8 5.9 0.6801 -0.7 NS 
SNL-Olf 19.9 3.1 18.8 3.7 0.2901 -1.1 NS 
Is/NL 110.1 5.0 110.9 22.4 0.8837 0.7 NS 
Ii/ML 95.1 6.0 93.7 6.7 0.4385 -1.5 NS 
Interincisal Angle 127.5 7.5 125.2 11.7 0.4427 -2.3 NS 
 









Sig Mean S.D. Mean S.D. Diff. 
Sagittal:               
Olp-A pt. 74.3 4.3 71.5 5.3 0.2394 -2.8 NS 
Olp-Pg 76.4 5.8 73.4 6.3 0.3080 -3.0 NS 
Olp-Co 9.6 2.3 9.9 3.7 0.8432 0.3 NS 
Co-A pt. 84.2 3.4 82.1 5.3 0.3594 -2.1 NS 
Co-Gn 103.3 4.8 101.2 7.3 0.5040 -2.1 NS 
Co-Gn minus Co-A pt. 19.1 3.2 19.1 3.6 0.9990 0.0 NS 
Wits 1.9 1.5 1.6 1.9 0.6963 -0.3 NS 
Is-Olp 81.9 6.4 79.8 6.1 0.4490 -2.2 NS 
Ii-Olp 75.6 5.8 71.8 5.7 0.1552 -3.9 NS 
Overjet 6.3 1.9 8.0 3.4 0.2324 1.7 NS 
Ms-Olp 51.3 5.1 49.2 5.5 0.4170 -2.0 NS 
Mi-Olp 51.3 5.6 48.0 5.4 0.2010 -3.3 NS 
Molar Relationship -0.1 1.0 1.2 2.0 0.1407 1.3 NS 
Vertical:               
Ols-Apt 26.5 2.0 31.3 6.2 0.0620 4.8 NS 
ANS-Me 63.4 4.7 58.5 6.4 0.0877 -4.9 NS 
Is-NL 27.6 2.2 29.4 3.3 0.2132 1.8 NS 
Ii-ML 38.3 3.0 36.9 3.4 0.3833 -1.3 NS 
Overbite 2.9 2.1 3.8 1.3 0.2181 0.9 NS 
Msc-NL 18.8 1.8 18.9 2.2 0.8882 0.1 NS 
Mic-ML 28.8 2.2 26.0 2.5 0.0195 -2.8 * 
Angular:               
SNA 79.4 1.6 80.4 3.0 0.3918 1.1 NS 
SNB 74.3 2.1 75.8 3.1 0.2623 1.5 NS 
ANB 5.1 1.1 4.7 1.6 0.5440 -0.4 NS 
SNL-NL 6.1 2.7 6.6 2.8 0.7395 0.4 NS 
SNL-ML 35.6 3.5 32.5 7.3 0.3109 -3.0 NS 
SNL-Olf 20.1 2.7 18.5 4.2 0.3478 -1.7 NS 
Is/NL 109.9 4.3 109.5 27.8 0.9712 -0.4 NS 
Ii/ML 94.3 3.7 93.7 7.6 0.8420 -0.6 NS 
Interincisal Angle 126.1 4.7 124.0 12.8 0.6713 -2.2 NS 
 









Sig Mean S.D. Mean S.D. Diff. 
Sagittal:               
Olp-A pt. 68.5 2.6 69.9 2.9 0.2260 1.4 NS 
Olp-Pg 72.7 3.9 70.7 2.4 0.1809 -2.0 NS 
Olp-Co 10.2 2.2 9.6 3.0 0.5532 -0.6 NS 
Co-A pt. 79.1 3.5 79.9 5.3 0.6555 0.8 NS 
Co-Gn 98.0 4.8 96.0 5.3 0.3364 -2.1 NS 
Co-Gn minus Co-A pt. 18.9 3.0 16.1 2.7 0.0269 -2.9 * 
Wits 0.0 1.5 2.2 1.8 0.0038 2.2 * 
Is-Olp 75.0 3.3 77.5 4.1 0.1105 2.5 NS 
Ii-Olp 70.2 3.3 70.0 2.8 0.8755 -0.2 NS 
Overjet 4.8 1.3 7.5 2.1 0.0006 2.7 * 
Ms-Olp 48.2 2.8 48.1 3.0 0.8907 -0.2 NS 
Mi-Olp 47.9 3.2 46.5 2.6 0.2988 -1.3 NS 
Molar Relationship 0.4 0.8 1.5 1.2 0.0079 1.2 * 
Vertical:               
Ols-Apt 27.0 2.4 28.3 4.2 0.3462 1.3 NS 
ANS-Me 56.9 3.9 55.8 4.4 0.5092 -1.2 NS 
Is-NL 25.2 2.5 27.2 2.1 0.0568 2.0 NS 
Ii-ML 34.1 2.5 35.3 3.1 0.3200 1.1 NS 
Overbite 3.2 0.9 4.2 0.9 0.0120 1.0 * 
Msc-NL 18.4 2.2 18.1 1.8 0.7227 -0.3 NS 
Mic-ML 26.2 2.0 24.7 2.3 0.1184 -1.5 NS 
Angular:               
SNA 80.4 3.2 82.1 3.1 0.2147 1.7 NS 
SNB 76.5 3.0 76.2 1.9 0.8295 -0.2 NS 
ANB 3.9 1.3 5.9 1.9 0.0065 2.0 * 
SNL-NL 6.5 3.1 8.2 3.3 0.2132 1.7 NS 
SNL-ML 32.4 5.1 33.2 2.7 0.6932 0.7 NS 
SNL-Olf 19.8 3.3 19.4 2.7 0.7892 -0.4 NS 
Is/NL 110.3 5.5 113.2 8.9 0.3315 2.9 NS 
Ii/ML 95.5 6.9 93.7 5.3 0.4914 -1.9 NS 
Interincisal Angle 128.1 8.5 127.3 10.0 0.8321 -0.8 NS 
 
Table 12.  Comparison of the pretreatment craniofacial morphology in female subjects 
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Comparison of the Treatment Group and the Control Group 
Across the Time Periods 
Statistical analysis comparing the differences between the treatment and control 
groups across the time periods for all 29 variables for pooled, male and female subjects is 
shown in Table 13.  For pooled subjects, significant differences were found between the 
treatment and control groups across the two time periods for sagittal, angular, and vertical 
measurements.  For male subjects, significant differences were found between the 
treatment and control groups across the two time periods for sagittal, angular, and vertical 
measurements.  For female subjects, significant differences were found between the 
treatment and control groups across the two time periods for sagittal, angular, and vertical 
measurements. 
Sagittal Variables 
For pooled subjects, significant differences between the treatment and control 
groups across the time periods were found the following sagittal variables (p < .05): Wits 
(p=.0001), Is-Olp (p=.0220), Ii-Olp (p=.0226), Overjet (p=.0001), Mi-Olp (p=.0481) and 
Molar Relationship (p=.0001).  For male subjects, significant differences were found 
between the treatment and control groups for the following variables: Co-Gn minus Co-
Apt (p = .0147), Wits (p = .0154), Overjet (p = .0024), and Molar Relationship (p = 
.0003).  For female subjects, significant differences were found between the treatment 
and control groups for the following variables: Wits (p = .0001), Is-Olp (p = .0444), 






 For pooled subjects, significant differences (p<.05) between the treatment and 
control groups across the time periods were found for the following vertical variables:  
Overbite (p = .0001) and Mic-ML (p = .0144).  For male subjects, significant differences 
were found between the treatment and control groups for the following variables: 
Overbite (p = .0025).  For female subjects, significant differences were found between 
the treatment and control groups for the following variables: Ii-ML (p = .0140), and 
Overbite (p = .0002). 
Angular Variables 
 For pooled subjects, significant differences (p<.05) between the treatment and 
control groups across the time periods were found for the following angular 
measurements:  SNA (p = .0013), ANB (p = .0001), and Ii-ML (p = .0005).  For male 
subjects, significant differences were found between the treatment and control groups for 
the following variables: SNA (p = .0075), and ANB (p = .0005).  For female subjects, 
significant differences were found between the treatment and control groups for the 












Sagittal:             
1.  Olp-A pt. 0.1147 NS 0.0834 NS 0.2872 NS 
2.  Olp-Pg 0.5137 NS 0.9126 NS 0.9423 NS 
3.  Olp-Co 0.3941 NS 0.1056 NS 0.6582 NS 
4.  Co-A pt. 0.4338 NS 0.5997 NS 0.3822 NS 
5.  Co-Gn 0.3510 NS 0.3065 NS 0.5982 NS 
6.  Co-Gn minus Co-A pt. 0.0083 NS 0.0147 * 0.5923 NS 
7.  Wits 0.0001 * 0.0154 * 0.0001 * 
8.  Is-Olp 0.0220 * 0.0922 NS 0.0444 * 
9.  Ii-Olp 0.0226 * 0.5443 NS 0.0930 NS 
10.  Overjet 0.0001 * 0.0024 * 0.0001 * 
11.  Ms-Olp 0.0933 NS 0.2074 NS 0.0928 NS 
12.  Mi-Olp 0.0481 * 0.3098 NS 0.2342 NS 
13.  Molar Relationship 0.0001 * 0.0003 * 0.0001 * 
Vertical:             
14.  OLs-A pt. 0.5367 NS 0.4279 NS 0.6925 NS 
15.  ANS-Me 0.7458 NS 0.5583 NS 0.1793 NS 
16.  Is-NL 0.4140 NS 0.6101 NS 0.3321 NS 
17.  Ii-ML 0.0669 NS 0.2609 NS 0.0140 * 
18.  Overbite 0.0001 * 0.0025 * 0.0002 * 
19.  Msc-NL 0.4545 NS 0.8043 NS 0.0545 NS 
20.  Mic-ML 0.0144 * 0.1842 NS 0.2247 NS 
Angular:             
21.  SNA 0.0013 * 0.0075 * 0.0549 NS 
22.  SNB 0.5147 NS 0.7032 NS 0.7948 NS 
23.  ANB 0.0001 * 0.0005 * 0.0079 * 
24.  SNL-NL 0.2456 NS 0.0523 NS 0.8965 NS 
25.  SNL-ML 0.1634 NS 0.2593 NS 0.6728 NS 
26.  SNL-OL 0.1382 NS 0.7791 NS 0.0152 * 
27.  Is/NL 0.5489 NS 0.6504 NS 0.8564 NS 
28.  Ii/ML 0.0005 * 0.0622 NS 0.0053 * 
29.  Interincisal Angle 0.2744 NS 0.6054 NS 0.1722 NS 







Comparison of the Treated Group vs. the Control Group 
 
Treatment effects of the Forsus FRD used in conjunction with orthodontic 
appliances were compared with an untreated control sample.  The differences between 
time points were then analyzed.  T2-T1:  Treatment effects of orthodontic appliances and 
the Forsus FRD (Tx (T2-T1)) minus (Control (t2-t1)).   
For both time periods, the change in the values of the variables for pooled, male 
and female subjects in the treatment group were compared to the changes in the values of 
the variables for pooled, male and female subjects in the control group.  29 variables 
were evaluated for each group including sagittal, vertical, and angular variables.  Also, a 
calculation of the overjet and molar relationship correction for the treatment group and a 
calculation of the net overjet and net molar relationship correction for the treatment vs. 
control group at each time point for pooled subjects were performed. 
Comparison of T2-T1 (Treatment Effects of Orthodontic 
Appliances and the Forsus FRD) 
 Of the 29 variables investigated, 12 showed statistically significant differences 
between the treatment group and control group in pooled subjects from T2-T1 (Table 14).  
There were no significant differences found in the age from T2-T1 between the treatment 
and control groups.  The average increase in age for the treated group was 45.4 months.  
Several of the sagittal and angular variables showed significant differences, however, 
only two of the vertical variables showed significant differences in pooled subjects.  
Significance differences in variables recorded for male and female subjects only are 




 The following sagittal variables showed significant differences (<.05) between 
treatment and control groups from T2-T1: Co-Gn minus Co-Apt, Wits, Is-OLp, Ii-OLp, 
Overjet, Mi-OLp, and Molar Relationship.  The position of the maxillary base (OLp-Apt) 
came forward 3.9 mm in the treated group. There was a restriction of forward movement 
of the maxillary base relative to the control group (-1.2mm); however, this change was 
not statistically significant.  The position of the mandibular base (OLp-Pg) in the treated 
group came forward an additional 0.7 mm more than the control group, which also was 
not statistically significant.  The position of the condyle (OL-Co) moved forward 0.5 mm 
in the treated group compared to the control group which was not statistically significant.  
The effective maxillary length (Co-Apt) came back 0.8mm relative to the control group 
and was not significant.  The effective mandibular length (Co-Gn) came forward 1.1 mm 
relative to the control group and was also not significant.  The difference between 
effective maxillary and mandibular length (Co-Gn minus Co-Apt) between treatment and 
control groups was significant with a 1.9 mm difference.  The position of the maxilla 
relative to the mandible along the functional occlusal plane (Wits) showed a difference of 
-2.7 mm for the treatment group relative to the control which was significant.  The 
position of the maxillary incisor (Is-OLp) came back -2.6 mm in the treatment group 
relative to the control group which was significant.  The position of the mandibular 
incisors (Ii-OLp) came forward 2.0 mm in the treatment group relative to the control 
group which was significant.  The overjet corrected by 4.6 mm in the treatment group 
relative to the control group which was significant.  The maxillary molar (Ms-OLp) in the 
treatment group moved back 1.6 mm relative to the control group, but it was not 
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significant.  The mandibular molar (Mi-OLp) in the treatment group came forward 2.0 
mm relative to the control group, which was significant.  The molar relationship 
corrected by 3.6 mm in the treatment group relative to the control group which was 
significant. 
Vertical Differences 
 There were no significant differences in any vertical measurements between 
treatment and control groups from T2-T1 except for Overbite and lower molar position 
(Mic-ML).  Overbite decreased 2.0 mm in the treatment group relative to the control 
group which was significant.  The lower molar (Mic-ML) in the treatment group erupted 
1.4 mm relative to the control group which was significant.  
Angular Differences 
 Significant differences in angular variables between treatment and control groups 
from T2-T1 were found for SNA, ANB, and Ii/ML.  SNA decreased 1.5º in the treatment 
group relative to the control group which was significant.  SNB increased 0.3º in the 
treated group relative to the control group, but this change was not significant.  ANB 
decreased 1.8º in the treatment group relative to the control group which was significant.  
The functional occlusal plane (SNL-OLf) increased 1.2º in the treatment group relative to 
the control group; however, it was not significant.  The inclination of the mandibular 





POOLED (MALES AND FEMALES) 
Variable 
Control (T2-T1) Treated (T2-T1) 
p value 
  
Sig Mean S.D. Mean S.D. Diff. 
Age 52.1 17.7 45.4 15.9 0.1849 -6.7 NS 
Sagittal:               
Olp-A pt. 5.1 2.5 3.9 2.4 0.1148 -1.2 NS 
Olp-Pg 6.6 3.1 7.3 3.9 0.5216 0.7 NS 
Olp-Co 1.0 1.7 1.5 2.0 0.4038 0.5 NS 
Co-A pt. 6.2 3.3 5.4 3.2 0.4360 -0.8 NS 
Co-Gn 9.3 3.7 10.4 4.1 0.3453 1.1 NS 
Co-Gn minus Co-A pt. 3.1 2.2 5.0 2.3 0.0086 1.9 * 
Wits 0.5 1.5 -2.2 1.9 0.0001 -2.7 * 
Is-Olp 5.6 2.7 2.9 4.6 0.0218 -2.6 * 
Ii-Olp 5.5 2.5 7.5 3.0 0.0212 2.0 * 
Overjet 0.1 1.3 -4.5 2.9 0.0001 -4.6 * 
Ms-Olp 6.4 2.8 4.8 3.5 0.0928 -1.6 NS 
Mi-Olp 7.0 2.9 8.9 3.6 0.0495 2.0 * 
Molar Relationship -0.5 1.2 -4.1 1.9 0.0001 -3.6 * 
Vertical:               
Ols-Apt 3.2 1.7 2.8 1.9 0.5570 -0.3 NS 
ANS-Me 4.8 2.5 5.1 3.6 0.7537 0.3 NS 
Is-NL 1.6 1.6 1.2 1.9 0.4031 -0.4 NS 
Ii-ML 3.2 1.6 1.8 3.0 0.0680 -1.4 NS 
Overbite 0.2 1.4 -1.8 1.1 0.0001 -2.0 * 
Msc-NL 3.0 1.5 2.6 1.8 0.4641 -0.4 NS 
Mic-ML 2.6 1.6 4.0 2.0 0.0126 1.4 * 
Angular:               
SNA 1.6 1.8 0.1 1.2 0.0013 -1.5 * 
SNB 1.4 1.3 1.7 1.3 0.5147 0.3 NS 
ANB 0.2 1.2 -1.5 1.2 0.0001 -1.8 * 
SNL-NL 0.2 1.8 -0.4 1.9 0.2456 -0.6 NS 
SNL-ML -0.7 1.4 -1.6 2.6 0.1634 -0.9 NS 
SNL-Olf -2.0 3.1 -0.8 2.2 0.1382 1.2 NS 
Is/NL -0.1 3.1 2.8 22.0 0.5489 2.9 NS 
Ii/ML -0.6 3.4 3.9 4.6 0.0005 4.5 * 
Interincisal Angle 1.7 5.8 -1.3 11.5 0.2744 -3.0 NS 







Control (T2-T1) Treated (T2-T1) 
p value 
  
Sig Mean S.D. Mean S.D. Diff. 
Age 56.4 21.7 47.7 16.7 0.3109 -8.7 NS 
Sagittal:               
Olp-A pt. 6.4 2.4 4.2 2.7 0.0814 -2.2 NS 
Olp-Pg 7.8 3.9 8.0 4.2 0.9110 0.2 NS 
Olp-Co 0.2 1.9 1.8 2.0 0.1034 1.5 NS 
Co-A pt. 6.6 3.1 5.9 2.8 0.6072 -0.7 NS 
Co-Gn 9.9 4.2 11.7 3.6 0.3041 1.8 NS 
Co-Gn minus Co-A pt. 3.3 1.6 5.9 2.2 0.0148 2.5 * 
Wits 0.3 1.4 -2.0 2.1 0.0149 -2.3 * 
Is-Olp 7.0 3.3 3.4 4.9 0.0901 -3.6 NS 
Ii-Olp 7.1 2.8 8.0 2.9 0.5245 0.8 NS 
Overjet -0.1 1.0 -4.6 3.3 0.0024 -4.5 * 
Ms-Olp 7.5 4.1 5.3 3.4 0.2058 -2.2 NS 
Mi-Olp 7.6 4.0 9.4 3.6 0.3090 1.8 NS 
Molar Relationship -0.1 1.2 -4.1 2.2 0.0003 -4.0 * 
Vertical:               
Ols-Apt 3.6 1.3 3.0 2.0 0.4281 -0.7 NS 
ANS-Me 5.6 2.7 6.4 3.2 0.5730 0.8 NS 
Is-NL 1.9 1.2 1.4 2.0 0.5925 -0.4 NS 
Ii-ML 4.0 1.4 2.6 3.1 0.2563 -1.5 NS 
Overbite 0.6 1.9 -1.7 1.2 0.0029 -2.3 * 
Msc-NL 3.0 1.2 3.2 1.8 0.7906 0.2 NS 
Mic-ML 3.3 1.7 4.6 2.1 0.1870 1.3 NS 
Angular:               
SNA 2.0 1.4 0.2 1.3 0.0075 -1.8 * 
SNB 1.5 1.5 1.8 1.5 0.7032 0.3 NS 
ANB 0.5 0.4 -1.6 1.3 0.0005 -2.1 * 
SNL-NL 0.5 1.6 -0.8 1.3 0.0523 -1.3 NS 
SNL-ML -0.4 2.0 -1.9 3.0 0.2593 -1.4 NS 
SNL-Olf -1.1 3.9 -1.4 2.2 0.7791 -0.4 NS 
Is/NL -0.8 3.7 4.0 26.9 0.6504 4.8 NS 
Ii/ML -0.4 3.3 3.7 5.1 0.0622 4.2 NS 
Interincisal Angle 2.4 6.5 -0.2 12.5 0.6054 -2.7 NS 
Table 15.  Comparison of the Treatment group vs the Control group in male subjects 





Control (T2-T1) Treated (T2-T1) 
p value 
  
Sig Mean S.D. Mean S.D. Diff. 
Age 50.0 16.0 41.4 14.7 0.2048 -8.6 NS 
Sagittal:               
Olp-A pt. 4.5 2.4 3.5 2.0 0.2924 -1.0 NS 
Olp-Pg 6.1 2.6 6.2 3.2 0.9615 0.1 NS 
Olp-Co 1.4 1.6 1.0 2.1 0.6330 -0.4 NS 
Co-A pt. 6.0 3.4 4.6 3.8 0.3796 -1.4 NS 
Co-Gn 9.0 3.5 8.2 4.2 0.6021 -0.8 NS 
Co-Gn minus Co-A pt. 3.1 2.5 3.6 1.8 0.5992 0.5 NS 
Wits 0.6 1.5 -2.6 1.6 0.0001 -3.2 * 
Is-Olp 4.9 2.1 2.2 4.1 0.0452 -2.7 * 
Ii-Olp 4.8 2.1 6.7 3.1 0.0897 1.9 NS 
Overjet 0.1 1.5 -4.4 2.2 0.0001 -4.6 * 
Ms-Olp 5.9 1.9 3.9 3.7 0.0933 -2.0 NS 
Mi-Olp 6.7 2.4 8.2 3.8 0.2419 1.5 NS 
Molar Relationship -0.7 1.1 -4.2 1.4 0.0001 -3.5 * 
Vertical:               
Ols-Apt 2.9 1.9 2.6 1.8 0.7111 -0.3 NS 
ANS-Me 4.4 2.4 2.8 3.1 0.1785 -1.6 NS 
Is-NL 1.5 1.7 0.8 1.8 0.3345 -0.7 NS 
Ii-ML 2.8 1.5 0.5 2.6 0.0143 -2.2 * 
Overbite 0.0 1.1 -2.0 0.9 0.0002 -2.0 * 
Msc-NL 3.0 1.7 1.6 1.3 0.0537 -1.3 NS 
Mic-ML 2.3 1.5 3.1 1.4 0.2109 0.8 NS 
Angular:               
SNA 1.4 1.9 0.1 0.9 0.0549 -1.4 NS 
SNB 1.4 1.3 1.5 1.0 0.7948 0.1 NS 
ANB 0.1 1.4 -1.4 1.0 0.0079 -1.5 * 
SNL-NL 0.1 1.9 0.2 2.7 0.8965 0.1 NS 
SNL-ML -0.8 1.0 -1.1 1.9 0.6728 -0.3 NS 
SNL-Olf -2.4 2.7 0.3 2.0 0.0152 2.7 * 
Is/NL 0.2 2.8 0.8 11.1 0.8564 0.5 NS 
Ii/ML -0.6 3.6 4.2 3.9 0.0053 4.9 * 
Interincisal Angle 1.4 5.6 -3.1 10.0 0.1722 -4.5 NS 




Overjet and Molar Relationship Correction-Treatment Group (T2-
T1) 
 
The amount of skeletal and dental contribution to the overjet and molar 
relationship correction in the treatment group at T2-T1 was calculated using the formulas 
in Table 9.  The amount of overjet correction in the treatment group was 4.6 mm.   3.4 
mm (75%) of the correction was due to skeletal correction.   1.2 mm (25%) of the 
correction was due to dental correction.  The amount of molar relationship correction was 
4.1 mm.  3.4 mm (82%) of the correction was skeletal in nature and 0.7 mm (18%) of the 
correction was dental in nature.  Calculations are shown for the overjet and molar 
relationship correction on the following pages.  Diagrams are also provided to illustrate 
the anterior and posterior movement of the maxilla, mandible, maxillary incisors, 
mandibular incisors, maxillary molars, and mandibular molars (Figure 5 & Figure 6).  A 
pitchfork analysis diagram describing the skeletal and dental components of overjet and 





Overjet Correction:     Molar relationship:   
Skeletal Contribution:   Skeletal Contribution:   
          1) Maxilla 3.9            1) Maxilla 3.9 
          2) Mandible 7.3            2) Mandible 7.3 
Dental Contribution:   Dental Contribution:   
          3) Mx incisor -1.0            3) Mx molar 0.9 
          4) Md incisor 0.2            4) Md molar 1.6 




















Molar Relationship Correction = 3.9 + .9 – 7.3 – 1.6 = -4.1 
 
 
Figure 6. Components of Molar Correction (T2-T1) 
  









Net Overjet and Molar Relationship Correction - Tx vs Control 
Group (T2-T1) 
The amount of skeletal and dental contribution to the net overjet and net molar 
relationship correction in the treatment group compared to the control group at T2-T1 
was calculated using the formulas in Table 9.  The amount of net overjet correction in the 
treatment group relative to the control group was 4.7 mm.   1.9 mm (40%) of the 
correction was due to skeletal movement.   2.8 mm (60%) of the correction was due to 
dental movement.  The amount of net molar relationship correction was  3.7 mm.   1.9 
mm (51%) of the correction was skeletal in nature and 1.8 mm (49%) of the correction 
was dental in nature.  Calculations are shown for the net overjet and net molar 
relationship correction on the following pages.  Diagrams are also provided to illustrate 
the net anterior and posterior movement of the maxilla, mandible, maxillary incisors, 
mandibular incisors, maxillary molars, and mandibular molars (Figure 8 & Figure 9).  A 
pitchfork analysis describing the net skeletal and dental contributions to overjet and 
molar relationship correction is shown in Figure 10. 
Net Overjet Correction:     Net Molar relationship:   
Skeletal Contribution:   Skeletal Contribution:   
          1) Maxilla -1.2            1) Maxilla -1.2 
          2) Mandible 0.7            2) Mandible 0.7 
Dental Contribution:   Dental Contribution:   
          3) Mx incisor -1.5            3) Mx molar -0.5 
          4) Md incisor 1.3            4) Md molar 1.3 
          
 
 
Net Overjet Correction = -1.2 + (-1.5) – 0.7 – 1.3 = -4.7 
 









Net Molar Relationship Correction = -1.2 + (-0.5) – 0.7 – 1.3 = -3.7 












CHAPTER V:  DISCUSSION 
Age and Sex Distribution 
 The age of the treated and control groups were fairly closely matched.  The age 
distributions are presented in Table 2.  The average age at T1 for the control group was 
10.3 years and 10.7 for the treatment group.  The average age at T2 for the control group 
was 14.7 years and 14.5 years for the treatment group.  There were no statistically 
significant differences between the ages of the two groups at any timepoint.   
 The sex of the treatment and control groups was matched as closely as possible; 
however, they did differ slightly.  The control group consisted of 15 females and 7 males, 
and the treatment group consisted of 9 females and 15 males.   
Pretreatment Craniofacial Morphology 
 The pretreatment craniofacial morphology of the treated and control groups was 
compared to determine if any statistically significant differences were present before 
treatment with the Forsus FRD and fixed orthodontic appliances.  Seven out of 29 
variables were found to be significantly different between the two groups, and are listed 
in Table 10.  The Wits, Overjet, and Molar Relationship were larger in the treated group 
as compared to the control group indicating that the treated group had a more severe 
Class II anterior-posterior skeletal discrepancy than the control group.  The Is-NL and 
Overbite were also larger, and Mic-ML was smaller in the treated group, indicating that 
the treated group had a deeper overbite with more maxillary incisor eruption and less 
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mandibular molar eruption.  Overall, the pretreatment morphology between the treatment 
and control groups were quite similar. 
Comparison of the Treated Group Versus the Control Group (T2-
T1) 
 In the literature, three studies investigated the effects of the Forsus appliance.  
Heinig
121
 studied the effects of the Forsus Niti Flat Spring on 13 patients over a period of 
4 months.  However, they did not compare the results of the treated group to an untreated 
control group to account for the effects of normal growth.  Jones
120
 studied the effects of 
the Forsus FRD and compared the results to Class II elastics.  No record is given 
regarding the average time the Forsus appliance was left in place.  They only studied 
sagittal variables and also did not compare to an untreated control group to account for 
the effects of normal growth.  Karacay
122
 studied the effects of the Forsus Niti Flat Spring 
and compared the results to an untreated control group and to a group treated with the 
Jasper Jumper.  The average length of time that the Forsus Niti Flat Spring was left in 
place was 5.28 months. 
 This study measured the effects of the Forsus FRD relative to an untreated control 
group.  The average time the Forsus FRD was left in place was 9 months. 
Sagittal Differences 
 Significant differences were found in 7 of the 13 sagittal variables.  When ruling 
out the effects of growth, changes in Co-Gn minus Co-Apt, Wits, Is-OLp, Ii-OLp, 
Overjet, Mi-OLp, and Molar Relationship were all statistically significant.  Several other 
changes were noted, but not all were found to be statistically significant. 
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 The maxillary base (OLp-Apt.) moved forward 3.9 mm for the treated group and 
5.1 mm for the control group.  Therefore; there was a net restraint in forward movement 
of A point by 1.2 mm, however, this was not found to be statistically significant.  
Heinig
121
 found a forward movement of A point using the Forsus Flat Spring of 0.3 mm.  
However, they left the spring in for a shorter amount of time, and did not measure net 
changes by comparing to a non treated control group to rule out the effects of growth.  
Jones
120
 found a forward movement of A point using the Forsus FRD of 1.7 mm.  
However, they did not measure net changes by comparing the results to an untreated 
control group.  This study’s result is similar to that found by Karacay
122
 who measured 
Forsus Flat Spring and found a net posterior movement of A point by 0.66 mm.  Our 
study showed slightly more net posterior movement of A point, and is probably due to the 
longer period of time that the Forsus FRD was left in place (average time 9 months).  The 
amount of change in the maxillary base found in this study is slightly less, but similar to 
other studies which measured changes with the Herbst Appliance.  Studies report 1.2-1.5 
mm of maxillary restraint
56,79,89
.  This would mean that the Forsus FRD appliance exerts 
a headgear effect on the maxilla and restrains maxillary growth slightly less but similar to 
that of the Herbst appliance.   
 The mandibular base (OLp-Pg) came forward 7.3 mm in the treated group and 6.6 
mm in the control group.  There was a net forward movement of the mandible 0.7 mm, 
which was not statistically significant.  Heinig
121
 found a 1.4 mm change with the Forsus 
Niti Flat Spring and and Jones
120
 found a 4.4 mm forward movement of the mandible 
with the Forsus FRD, but once again, they did not look at net treatment changes to 
account for growth.  Karacay
122
 found a similar net forward movement of the mandibular 
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base of 1.0 mm relative to a control with the Forsus Niti Flat Spring.  This present study’s 
change in mandibular base is similar to, but less than the Herbst appliance which showed 
a net forward movement of 0.9-4.5 mm
79,81,128
.   
 The Wits analysis decreased 2.2 mm in the treated group, while it increased 0.5 
mm in the control group.  There was a net reduction of the Wits by 2.7 mm.  This is 
slightly less, but similar to VanLaecken
79
 who found a 4.3 mm reduction in the Wits 
value during Herbst treatment.   
 The Overjet was reduced by 4.5 mm in the treatment group, while it increased by 
0.1 mm in the control group.  There was a net overjet reduction of 4.6 mm.  This is very 
similar to other studies.  Heinig
121
 found a 4.7 mm reduction in overjet with the Forsus 
Flat Spring.  Jones
120
 found a 3.2 mm reduction in overjet with the Forsus FRD.  
Karacay
122
 found a 3.69 reduction in net overjet with the Forsus Niti Flat Spring relative 
to an untreated control group. Our results are also similar to the effects of the Herbst 
appliance, where net overjet correction was found to be from 2.7 – 5.2 mm
53,72,79,89
.   
 Overjet correction has both dental and skeletal causes.  The skeletal causes of 
overjet correction are due to the posterior movement of the maxillary base, and the 
anterior movement of the mandibular base as discussed before.  The following is the 
amount of overjet correction due to dental causes.  In this study, the amount of net overjet 
correction due to maxillary incisor retraction was 1.5 mm.  The amount of net overjet 
correction due to mandibular incisor protrusion was 1.3 mm.  This is similar to other 
studies.  Heinig
121
 showed 1.7mm retraction of the maxillary incisor and 1.8 mm of 
protrusion of the lower incisor with the Forsus Niti Flat Spring.  Jones
120
 found 0.7 mm 
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protrusion of the maxillary incisor and 1.2 mm protrusion of the mandibular incisor with 
the Forsus FRD.  Karacay
122
 found a 1.44 mm net retraction of the maxillary incisor and 
a 2.16 mm net protrusion of the lower incisor when he compared the Forsus Niti Flat 
Spring treated group to an untreated control group.   In regards to overjet correction, our 
study’s findings along with the other studies on the Forsus appliance confirm the 
increased dental effects of the Forsus appliance compared to the Herbst appliance.  The 
Herbst appliance has been reported to have 0.2-0.7 mm net maxillary incisor 
retraction
53,72,79
, and 0.2-1.4 mm net mandibular incisor protrusion
53,79,85
. 
 The Molar relationship improved 4.1 mm in the treated group, and it improved 0.5 
mm in the control group.  There was a net improvement in the molar relationship of 3.6 




 who found a molar 
relationship improvement of 3.9 mm and 3.2 mm, respectively.  This is similar to the 
amount of molar correction with the Herbst appliance, which has been reported to be 
from 2.4 - 4.6 mm
72,79,89
.  In this study, the molar relationship correction involved skeletal 
and dental causes.  The skeletal causes of molar relationship correction are due to the 
posterior movement of the maxillary base, and the anterior movement of the mandibular 
base as discussed before.  The following is the amount of molar relationship correction 
due to dental causes.  The amount of net molar relationship correction due to distal 
movement of the maxillary molar was 1.6 mm.  The amount of net molar relationship 
correction due to mesial movement of the mandibular molar was 2.0 mm.  This is very 
similar to other studies on the Forsus Appliance.  Heinig
121
 found 1.1 mm of distal 
maxillary molar movement and 1.7 mm of mesial mandibular molar movement with the 
Forsus Niti Flat Spring.  Karacay
122
 found 1.97 mm of net distal maxillary molar 
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movement and 1.75 mm of net mesial mandibular molar movement with the Forsus Niti 
Flat Spring compared to an untreated control.  The Herbst appliance has similar results 
for dental correction of the molar relationship.  Studies have shown 0.4 – 1.5 mm of 
distal maxillary molar movement and -0.3 – 1.6 mm of mesial mandibular molar 
movement
72,79,85,89
.   
Vertical Differences  
 There were significant differences in only 2 of the 7 vertical variables.  When 
ruling out the effects of growth, only changes in Overbite and Mic-ML were statistically 
significant.   
 Lower facial height (ANS-Me) showed an increase of 5.1 mm in the treated 
group, and a 4.8 mm increase in the control group.  There was a net increase of 0.3 mm in 
the treated group, which was not significant.  This is less than reported by Karacay
122
 
who found a net increase in lower facial height of 4.87 mm with the Forsus Niti Flat 
Spring compared to a untreated control.  However, the results of the present study are in 
agreement with current literature on the effect of the Herbst appliance, where 
VanLaecken
79
 showed a net increase in lower facial height of 0.3 mm, and others have 
had similar findings with the Herbst appliance.
11,71,81
 
 The maxillary incisor (Is-NL) was found to extrude 1.2 mm in the treated group, 
and extruded 1.6 mm in the control group.  There was a net intrusion of the maxillary 
incisor of 0.4 mm in the treated group, which was not found to be significant.  Karacay
122
 
found a net extrusion of the maxillary incisor of 1.03 mm using the Forsus Niti Flat 
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Spring.  However, they measured the maxillary incisor position relative to SN instead of 
the palatal plane as this study did.   
 The mandibular incisor (Ii-NL) was found to extrude 1.8 mm in the treated group, 
and extrude 3.2 mm in the control group.  There was a net intrusion of the mandibular 
incisor of 1.4 mm which was not found to be significant.  Karacay
122
 measured 3.08 mm 
of net mandibular incisor intrusion, which is more than the present study found.  The 
Herbst appliance has been shown to have similar effects on the vertical position of the 
mandibular incisor, and has been shown to have a net intrusion of 1.6 – 2.1 mm
72,79,89
. 
 Overbite was found to decrease in the treated group by 1.8 mm, and it increased 
0.2 in the control group.  There was a net decrease in overbite of 2.0 mm which was 
found to be significant.  Karacay
122
 found a very similar result in their study of the Forsus 
Niti Flat Spring, and found a net reduction of overbite by 1.41 mm.  The Herbst appliance 
has been shown to have a very similar decrease in overbite.  VanLaecken
79
 reported a net 
decrease in overbite of 2.0 mm and Croft
89
 found a 2.4 mm decrease in overbite. 
 The vertical position of the maxillary molar (Msc-NL) was found to extrude 2.6 
mm in the treated group and extrude 3.0 mm in the control group.  There was a net 
intrusion of the maxillary molar of 0.4 mm, but this change was not significant.  
Karacay
122
 reported a net intrusion of the maxillary molar to be 3.93 mm.  This is 
significantly more than the present study; however, they measured the vertical position of 
the maxillary molar relative to SN, and this study measured the vertical position of the 
maxillary molar relative to the Palatal Plane, which may account for the difference. 
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 The vertical position of the mandibular molar (Mic-ML) was found to extrude 4.0 
mm in the treated group, and extrude 2.6 mm in the control group.  There was a net 
extrusion of the mandibular molar of 1.4 mm, which was found to be significant.  
Karacay
122
 reported a net 1.13 mm extrusion of the mandibular molar, which is very 
similar.   
Angular Differences 
 Over the course of treatment, there were significant differences in 3 of the 9 
angular variables.  When ruling out the effects of growth, changes in SNA, ANB, and 
Ii/ML were all statistically significant.  Several other changes were noted, but not all 
were found to be statistically significant. 
 SNA increased in the treatment group by 0.1° and increased in the control group 
by 1.6°.  There was a net decrease in SNA by 1.5°.  This is similar to Karacay
122
 who 
found a net decrease in SNA by 0.66° when comparing the Forsus Niti Flat Spring to an 
untreated control group.  Heinig
121
 reported a 0.12° increase in SNA for the Forsus Niti 
Flat Spring; however, they did not compare to an untreated control group to account for 
the effects of growth.  Our study’s findings are also very similar to findings on the Herbst 
appliance which show a decrease in SNA ranging from 0.5° - 2.6°.
79,89,125,128
  This would 
seem to indicate that the Forsus FRD does have a significant headgear effect and limits 
the forward growth of the maxilla. 
 SNB increased by 1.7° in the treated group and increased by 1.4° in the control 
group.  There was a net increase in SNB of 0.3° which was not significant.  Heinig
121
 
reported a 0.54° increase in SNB for the Forsus Niti Flat Spring; however, they did not 
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compare to an untreated control group to account for the effects of growth.  Karacay
122
 
found a net increase in SNB of 1.97° which was significantly more than reported in this 
study.  The Herbst appliance has been reported to have an increase in SNB from 1.0° - 
1.6°
79,89,128
.  These findings would seem to indicate that the Forsus FRD may have less 
effect on the stimulation of forward growth of the mandible than the Herbst appliance. 
 The difference between the position of the maxilla and mandible (ANB) 
decreased by 1.5° in the treated group, while it increased by 0.2° in the control group.  
There was a net decrease in ANB of 1.8° in this study, which was significant.  Heinig
121
 
reported a 0.42° decrease in ANB for the Forsus Niti Flat Spring; however, they did not 
compare to an untreated control group to account for the effects of growth.  Karacay
122
 
found a net decrease in ANB of 3.13° which was significantly more than reported in this 
study.  The Herbst appliance has reported a 1.2° - 2.6° decrease in ANB
79,89,125,128
.  
 The palatal plane (SNL-NL), mandibular plane (SNL-ML), and Occlusal Plane 
(SNL-OLf) all showed changes which were not statistically significant.  There was a 0.6° 
net reduction in the palatal plane, a 0.9° net reduction in the mandibular plane, and a 1.2° 
increase in the occlusal plane.  Similar slight reductions in the palatal plane and 
mandibular plane are reported for the Forsus Niti Flat Spring and Forsus FRD
121,122
, as 




 reported a net increase of 2.81° for 
the occlusal plane with the Forsus Niti Flat Spring, and Heinig
121
 found a 4.17° increase 
in the occlusal plane, which are slightly larger than the increase found in this study.  This 
may be due to the fact that there are different definitions of where to measure the 
functional occlusal plane and may explain the differences between the studies.   
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 The maxillary incisor inclination (Is/NL) increased 2.8° in the treated group, and 
decreased 0.1° in the control group.  There was a net increase in maxillary incisor 
inclination of 2.9° which was not found to be significant.  This is significantly different 




 who reported a decrease in maxillary incisor 
inclination of 5.33° and 5.01° respectively.  However, both reported the inclination of the 
maxillary incisor relative to SN, where this study reported the inclination of the maxillary 
incisor relative to the palatal plane.  This difference in reference line may explain the 
difference, but also post-Forsus orthodontic mechanics may as well.  In this study, MBT 
brackets were used which have a 17° maxillary anterior inclination built into the bracket 
to preserve inclination during retraction.  This study’s results are comparable to the 
treatment effects of the Herbst appliance as described by VanLaecken
79
 who found a 5.3° 
increase in maxillary incisor inclination. 
 The mandibular incisor inclination (Ii-ML) increased by 3.9° for the treatment 
group, and decreased by 0.6° for the control group.  There was a net increase in 
inclination of the lower incisor by 4.5° which was found to be significant.  Heinig
121
 
reported a 9.60° increase in lower incisor inclination for the Forsus Niti Flat Spring.  
Karacay
122
 found a net increase in lower incisor inclination of 4.88° which was very 
similar to the results found in this study.  The Herbst appliance has been shown to 
increase the mandibular incisor inclination 1.6° - 2.4°
79,82,89
.  This would indicate that the 
Forsus FRD appliance is associated with more incisor proclination than with the Herbst 
appliance. 
Overall Correction in Comparison to Other Appliances 
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 This study found that the effects of the Forsus FRD used in conjunction with fixed 
orthodontic appliances results in the following:  Total net overjet correction was 4.7 mm.  
Of that 1.9 mm (40%) was due to skeletal movement of the maxilla and mandible, and 
2.8 mm (60%) was due to dental movement.  Heinig
121
 found overjet correction was due 
to 34% skeletal effects and 66% dental effects for the Forsus Niti Flat Spring; however, 
they did not compare to an untreated control group to account for the effects of growth.  
Also, their average treatment time with the Forsus Flat Spring in place was 4 months, 
were this study’s average treatement time with the Forsus FRD was 9 months.   
The components of overjet correction for the Jasper Jumper have been studied and 
reported from 3-40% skeletal changes and 60-97% dental changes
94-97
.  The results of this 
study would indicate that the Forsus FRD used in conjunction with fixed orthodontic 
appliances has similar to slightly more amount of overjet correction due to skeletal 
changes, and similar to slightly less amount of overjet correction due to dental changes. 
Nelson
101
 studied the components of overjet correction for Class II elastics and 
found that 10% of the changes were skeletal and 90% of the changes were dental.  This 
study would indicate that there is a higher component of skeletal correction with the 
Forsus FRD used in conjunction with fixed orthodontic appliances than Class II elastics 
and orthodontic appliances alone.  Jones
120
 found that with the exception of lower molar 
mesial movement and total molar correction which were greater in the Forsus FRD 
group, there were no other statistically significant differences between patients treated 
with the Forsus FRD and Class II elastics. 
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The Treatment effects of the Herbst Appliance were described by VanLaecken
79
.  
His study looked at the net treatment changes associated with the Edgewise Herbst 
Appliance compared to an untreated control group.  The ages and time period studied 
closely approximated the age range and time period in this study.  They found that the net 
overjet correction was due to 85% skeletal movement and 15% dental movement.  This 
would indicate that the Forsus FRD and fixed orthodontic appliances has a higher dental 




CHAPTER VI:  SUMMARY AND CONCLUSIONS 
Summary 
 The purpose of this study was to investigate the skeletal and dental changes 
associated with the Forsus Fatigue Resistant Device (FRD) when used in conjunction 
with orthodontic therapy.  These changes would then be compared to an untreated control 
group to rule out the effects of normal growth.   
 The treated group consisted of 24 subjects (9 females and 15 males) who were 
treated by Dr. Imad Shammaa at his private office in Charleston, WV.  The control group 
consisted of 22 untreated subjects (15 females and 7 males) from the Case Western 
Reserve University Bolton Brush Study, and all data for them was collected from 
Wigal
125
.  The groups were matched as closely as possible in age, sex and craniofacial 
morphology. 









.  Matched pairs t-test and ANOVA was used to 
determine if there were any statistical differences between the time periods.  The 
following hypothesis was tested: There are no mean changes over time between the 
maxillary and mandibular growth in patients treated with the Forsus FRD and an 





The hypothesis was rejected as the following statistically significant changes were 
observed: 
1. There were some significant net skeletal differences found following 
treatment with the Forsus FRD and fixed orthodontic appliances.  There was a 
significant improvement in the Wits analysis by 2.7 mm, and SNA and ANB 
significantly improved (-1.5° and -1.8° respectively). 
2. There was a significant net overjet correction of 4.7 mm, net molar correction 
of 3.7 mm, and overbite correction of 2.0 mm. 
3. There were some significant net dental differences found following treatment 
with the Forsus FRD and fixed orthodontic appliances.  The upper incisor was 
retracted 1.5 mm and the lower incisor was protruded 1.3 mm.  The 
mandibular molar moved mesially 1.3 mm.  Also the mandibular incisor 
inclination increased 4.5°.  The mandibular molar also erupted 1.4 mm. 
There were also changes noted which were not statistically significant: 
1. There was an inhibition of forward maxillary growth (-1.2 mm), and some 
slight stimulation of forward mandibular growth (0.7 mm).  As well, SNB 
slightly increased (.3°). 
2. Other net dental differences were noted which were not statistically 
significant. The maxillary molar moved distally 0.5 mm, and the maxillary 
incisor inclination increased 2.9°.  Also the interincisal angle increased 3.0° 
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Overall, net overjet correction was 40% skeletal and 60% dental and net molar 
correction was 51% skeletal and 49% dental. Skeletal changes included decreased of 
forward movement of the maxilla (headgear effect) and increased forward movement of 
the mandible.  Dental changes included retraction of the maxillary incisors and molars 




CHAPTER VII:  RECOMMENDATIONS FOR FUTURE 
RESEARCH 
Recommendations 
1. A new control sample could be obtained, to better match the treated group in age, 
sex and craniofacial morphology.  This would allow all radiographs to be traced 
by 1 operator. 
2. This study was limited to pre treatment and post treatment radiographs.  This 
means that this study investigated the effects of the Forsus FRD and fixed 
orthodontic appliances used in conjunction and therefore cannot determine which 
effects are due completely to the Forsus FRD alone.  A study that investigates 
radiographs taken immediately once the Forsus is placed and immediately after 
the Forsus is removed would give a better indication of which effects are due to 
the Forsus FRD alone. 
3. Long term results could be obtained by studying post treatment radiographs 1 or 2 
years after Forsus treatment to determine the amount of long term stability of the 
changes associated with the Forsus FRD appliance. 
4. A 3D cone beam study on patients treated with the Forsus FRD appliance would 
allow the study of the effects of the Forsus FRD device in all 3 dimensions, as 
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Distribution of Control Group Measurements – Pooled Subjects 
  T1 T2 
Variable Mean S.D. Min Max Mean S.D. Min Max 
Sagittal:                 
Olp-A pt. 70.3 4.2 79.8 64.8 75.4 5.0 86.7 68.6 
Olp-Pg 73.9 4.8 85.7 67.7 80.5 5.1 91.3 72.1 
Olp-Co 10.0 2.2 14.0 6.4 11.0 2.2 14.0 4.6 
Co-A pt. 80.7 4.1 88.0 73.4 86.9 3.9 94.5 80.4 
Co-Gn 99.7 5.3 110.5 89.7 109.0 5.7 121.3 99.9 
Co-Gn minus Co-A pt. 19.0 3.0 24.3 14.4 22.1 3.6 31.3 17.1 
Wits 0.6 1.7 4.0 -4.0 1.1 2.0 4.3 -2.8 
Is-Olp 77.2 5.5 90.0 67.7 82.8 6.0 96.6 73.0 
Ii-Olp 71.9 4.8 83.9 63.9 77.5 5.8 91.7 68.6 
Overjet 5.3 1.6 9.2 3.3 5.3 1.5 8.8 3.3 
Ms-Olp 49.2 3.8 60.0 43.7 55.6 4.7 65.8 48.1 
Mi-Olp 49.0 4.3 61.8 42.2 55.9 4.8 66.8 48.4 
Molar Relationship 0.2 0.9 1.5 -1.8 -0.3 0.7 1.3 -1.4 
Vertical:                 
Ols-Apt 26.9 2.3 31.1 22.7 30.0 1.9 33.8 27.5 
ANS-Me 59.0 5.1 70.6 49.6 63.7 5.8 73.9 52.7 
Is-NL 26.0 2.6 31.2 21.2 27.6 2.4 33.2 22.4 
Ii-ML 35.4 3.3 42.1 29.9 38.6 3.8 45.7 32.6 
Overbite 3.1 1.4 6.2 0.7 3.3 1.1 5.9 1.2 
Msc-NL 18.5 2.0 21.7 13.7 21.5 2.5 26.6 17.0 
Mic-ML 27.0 2.4 31.7 23.3 29.6 2.9 35.7 24.9 
Angular:                 
SNA 80.1 2.8 85.5 74.0 81.7 3.0 88.5 76.0 
SNB 75.8 2.9 82.0 71.0 77.2 3.1 83.5 72.0 
ANB 4.3 1.3 6.5 2.0 4.5 1.6 7.5 1.5 
SNL-NL 6.4 2.9 11.5 0.0 6.6 3.4 14.0 1.0 
SNL-ML 33.4 4.8 41.0 22.5 32.8 5.5 40.0 21.5 
SNL-Olf 19.9 3.1 27.5 15.5 18.0 4.0 26.0 11.5 
Is/NL 110.1 5.0 120.0 102.0 110.1 5.2 119.0 101.5 
Ii/ML 95.1 6.0 107.0 85.0 94.6 4.8 102.5 85.0 







Distribution of Control Group Measurements – Male Subjects 
  T1 T2 
Variable Mean S.D. Min Max Mean S.D. Min Max 
Sagittal:                 
Olp-A pt. 74.3 4.3 79.8 68.1 80.6 4.8 86.7 73.4 
Olp-Pg 76.4 5.8 85.7 69.8 84.1 6.0 91.3 76.8 
Olp-Co 9.6 2.3 13.8 6.4 9.8 2.8 13.1 4.6 
Co-A pt. 84.2 3.4 88.0 78.5 90.8 3.7 94.5 83.9 
Co-Gn 103.3 4.8 110.5 97.0 113.2 5.9 121.3 103.2 
Co-Gn minus Co-A pt. 19.1 3.2 24.3 14.4 22.4 3.4 27.0 18.9 
Wits 1.9 1.5 4.0 -0.6 2.3 1.9 4.3 -0.8 
Is-Olp 81.9 6.4 90.0 70.9 88.9 6.2 96.6 78.6 
Ii-Olp 75.6 5.8 83.9 67.6 82.8 6.4 91.7 74.0 
Overjet 6.3 1.9 9.2 3.3 6.2 1.3 8.0 4.6 
Ms-Olp 51.3 5.1 60.0 44.0 58.8 5.7 65.8 51.7 
Mi-Olp 51.3 5.6 61.8 44.8 59.0 5.9 66.8 51.5 
Molar Relationship -0.1 1.0 0.9 -1.8 -0.2 0.6 0.8 -1.0 
Vertical:                 
Ols-Apt 26.5 2.0 30.3 23.9 30.1 1.8 33.0 27.9 
ANS-Me 63.4 4.7 70.6 57.1 69.0 4.2 73.9 63.3 
Is-NL 27.6 2.2 31.2 25.2 29.4 1.8 33.2 27.3 
Ii-ML 38.3 3.0 42.1 34.2 42.3 2.8 45.7 37.7 
Overbite 2.9 2.1 6.2 0.7 3.4 1.6 5.9 1.2 
Msc-NL 18.8 1.8 21.2 16.3 21.8 1.8 24.1 19.6 
Mic-ML 28.8 2.2 31.7 26.2 32.1 2.1 35.7 29.8 
Angular:                 
SNA 79.4 1.6 81.5 77.0 81.4 1.6 83.0 78.5 
SNB 74.3 2.1 77.0 71.0 75.8 2.4 78.0 72.0 
ANB 5.1 1.1 6.5 3.5 5.6 1.2 7.5 4.5 
SNL-NL 6.1 2.7 11.0 3.0 6.6 3.5 13.0 2.5 
SNL-ML 35.6 3.5 39.5 30.0 35.1 4.8 40.0 28.5 
SNL-Olf 20.1 2.7 23.5 16.0 19.1 4.3 24.0 11.5 
Is/NL 109.9 4.3 116.0 105.0 109.1 6.0 117.0 102.5 
Ii/ML 94.3 3.7 99.0 88.0 93.9 4.6 102.0 89.0 







Distribution of Control Group Measurements – Female Subjects 
  T1 T2 
Variable Mean S.D. Min Max Mean S.D. Min Max 
Sagittal:                 
Olp-A pt. 68.5 2.6 73.9 64.8 73.0 2.8 77.2 68.6 
Olp-Pg 72.7 3.9 80.7 67.7 78.8 3.8 85.3 72.1 
Olp-Co 10.2 2.2 14.0 6.6 11.6 1.6 14.0 8.3 
Co-A pt. 79.1 3.5 83.6 73.4 85.1 2.5 88.5 80.4 
Co-Gn 98.0 4.8 106.4 89.7 107.1 4.6 115.4 99.9 
Co-Gn minus Co-A pt. 18.9 3.0 24.1 15.1 22.0 3.7 31.3 17.1 
Wits 0.0 1.5 2.7 -4.0 0.5 1.8 4.3 -2.8 
Is-Olp 75.0 3.3 81.0 67.7 79.9 3.2 84.9 73.0 
Ii-Olp 70.2 3.3 75.1 63.9 75.0 3.4 79.7 68.6 
Overjet 4.8 1.3 7.3 3.6 4.9 1.4 8.8 3.3 
Ms-Olp 48.2 2.8 53.4 43.7 54.2 3.5 58.9 48.1 
Mi-Olp 47.9 3.2 53.2 42.2 54.5 3.6 59.9 48.4 
Molar Relationship 0.4 0.8 1.5 -1.8 -0.4 0.7 1.3 -1.4 
Vertical:                 
Ols-Apt 27.0 2.4 31.1 22.7 30.0 2.0 33.8 27.5 
ANS-Me 56.9 3.9 64.2 49.6 61.3 4.9 69.9 52.7 
Is-NL 25.2 2.5 28.4 21.2 26.7 2.2 30.8 22.4 
Ii-ML 34.1 2.5 40.0 29.9 36.9 2.8 42.4 32.6 
Overbite 3.2 0.9 5.3 1.8 3.2 0.8 4.9 1.8 
Msc-NL 18.4 2.2 21.7 13.7 21.3 2.8 26.6 17.0 
Mic-ML 26.2 2.0 30.0 23.3 28.5 2.5 34.0 24.9 
Angular:                 
SNA 80.4 3.2 85.5 74.0 81.8 3.6 88.5 76.0 
SNB 76.5 3.0 82.0 71.5 77.8 3.3 83.5 72.5 
ANB 3.9 1.3 5.5 2.0 4.0 1.5 7.5 1.5 
SNL-NL 6.5 3.1 11.5 0.0 6.6 3.4 14.0 1.0 
SNL-ML 32.4 5.1 41.0 22.5 31.6 5.6 40.0 21.5 
SNL-Olf 19.8 3.3 27.5 15.5 17.4 3.9 26.0 12.0 
Is/NL 110.3 5.5 120.0 102.0 110.5 4.9 119.0 101.5 
Ii/ML 95.5 6.9 107.0 85.0 94.9 5.1 102.5 85.0 







Distribution of Treatment Group Measurements – Pooled Subjects 
  T1 T2 
Variable Mean S.D. Min Max Mean S.D. Min Max 
Sagittal:                 
Olp-A pt. 70.9 4.5 60.5 84.6 74.8 4.3 64.8 84.4 
Olp-Pg 72.4 5.3 59.0 84.3 79.7 6.0 69.3 89.8 
Olp-Co 9.8 3.4 1.9 16.9 11.3 3.7 1.7 17.3 
Co-A pt. 81.3 5.3 74.3 94.3 86.7 4.9 77.6 97.2 
Co-Gn 99.3 7.0 88.4 115.7 109.7 7.0 97.8 126.0 
Co-Gn minus Co-A pt. 18.0 3.5 12.5 25.5 22.9 4.9 12.7 32.3 
Wits 1.8 1.9 -0.7 6.2 -0.4 1.5 -4.4 2.0 
Is-Olp 78.9 5.4 69.1 95.4 81.8 4.9 70.1 91.2 
Ii-Olp 71.1 4.8 57.6 80.6 78.6 4.9 65.8 87.7 
Overjet 7.8 2.9 2.6 14.8 3.3 1.0 0.4 5.2 
Ms-Olp 48.8 4.7 37.6 61.7 53.6 4.2 43.2 62.1 
Mi-Olp 47.5 4.6 34.0 56.3 56.4 4.5 46.2 64.7 
Molar Relationship 1.3 1.8 -1.6 5.4 -2.8 0.9 -4.1 -0.7 
Vertical:                 
Ols-Apt 30.2 5.7 19.8 39.8 33.0 5.1 24.6 42.4 
ANS-Me 57.5 5.8 44.7 68.7 62.6 7.1 46.0 76.8 
Is-NL 28.5 3.1 24.6 35.2 29.7 3.2 24.2 36.5 
Ii-ML 36.3 3.3 30.3 41.6 38.1 3.5 31.5 44.6 
Overbite 3.9 1.2 1.2 6.5 2.1 1.1 -0.8 3.6 
Msc-NL 18.6 2.1 14.3 21.4 21.2 2.7 16.1 26.6 
Mic-ML 25.5 2.4 21.8 30.9 29.5 2.5 24.6 33.5 
Angular:                 
SNA 81.1 3.1 75.0 87.5 81.2 3.3 76.0 88.0 
SNB 75.9 2.6 70.5 81.0 77.6 3.3 69.5 83.5 
ANB 5.1 1.8 2.0 9.5 3.6 2.0 -1.0 7.0 
SNL-NL 7.2 3.0 3.0 14.0 6.8 2.9 3.0 11.5 
SNL-ML 32.8 5.9 13.5 43.5 31.2 7.4 9.0 45.0 
SNL-Olf 18.8 3.7 9.0 27.0 18.1 3.8 8.5 24.0 
Is/NL 110.9 22.4 18.0 140.5 113.6 5.4 103.5 122.5 
Ii/ML 93.7 6.7 81.5 107.0 97.6 7.4 81.0 116.0 







Distribution of Treatment Group Measurements – Male Subjects 
  T1 T2 
Variable Mean S.D. Min Max Mean S.D. Min Max 
Sagittal:                 
Olp-A pt. 71.5 5.3 60.5 84.6 75.7 4.9 64.8 84.4 
Olp-Pg 73.4 6.3 59.0 84.3 81.4 6.4 70.7 89.8 
Olp-Co 9.9 3.7 1.9 16.9 11.7 4.2 1.7 17.3 
Co-A pt. 82.1 5.3 74.8 94.3 88.0 5.2 77.6 97.2 
Co-Gn 101.2 7.3 91.3 115.7 113.0 6.6 103.4 126.0 
Co-Gn minus Co-A pt. 19.1 3.6 13.9 25.5 24.9 4.4 18.5 32.3 
Wits 1.6 1.9 -0.7 5.1 -0.4 1.7 -4.4 2.0 
Is-Olp 79.8 6.1 69.1 95.4 83.1 5.4 70.1 91.2 
Ii-Olp 71.8 5.7 57.6 80.6 79.7 5.4 65.8 87.7 
Overjet 8.0 3.4 2.6 14.8 3.4 1.1 0.4 5.2 
Ms-Olp 49.2 5.5 37.6 61.7 54.6 4.6 43.2 62.1 
Mi-Olp 48.0 5.4 34.0 56.3 57.4 4.9 46.2 64.7 
Molar Relationship 1.2 2.0 -1.6 5.4 -2.9 0.9 -4.0 -0.7 
Vertical:                 
Ols-Apt 31.3 6.2 19.8 39.8 34.3 5.6 24.6 42.4 
ANS-Me 58.5 6.4 44.7 68.7 64.9 7.4 46.0 76.8 
Is-NL 29.4 3.3 25.1 35.2 30.8 3.2 24.4 36.5 
Ii-ML 36.9 3.4 30.3 41.6 39.5 3.4 31.5 44.6 
Overbite 3.8 1.3 1.2 6.5 2.1 1.2 -0.8 3.4 
Msc-NL 18.9 2.2 14.3 21.4 22.1 2.7 17.6 26.6 
Mic-ML 26.0 2.5 21.9 30.9 30.6 2.4 24.6 33.5 
Angular:                 
SNA 80.4 3.0 75.0 85.0 80.6 3.3 76.0 85.0 
SNB 75.8 3.1 70.5 81.0 77.5 3.8 69.5 83.5 
ANB 4.7 1.6 2.0 8.0 3.1 2.1 -1.0 6.5 
SNL-NL 6.6 2.8 3.0 11.5 5.8 2.4 3.0 10.0 
SNL-ML 32.5 7.3 13.5 43.5 30.7 8.9 9.0 45.0 
SNL-Olf 18.5 4.2 9.0 27.0 17.0 3.9 8.5 24.0 
Is/NL 109.5 27.8 18.0 140.5 113.4 5.3 103.5 122.5 
Ii/ML 93.7 7.6 81.5 107.0 97.4 8.6 81.0 116.0 







Distribution of Treatment Group Measurements – Female Subjects 
  T1 T2 
Variable Mean S.D. Min Max Mean S.D. Min Max 
Sagittal:                 
Olp-A pt. 69.9 2.9 66.7 75.3 73.4 2.6 68.8 76.9 
Olp-Pg 70.7 2.4 66.0 73.6 76.9 4.0 69.3 83.1 
Olp-Co 9.6 3.0 5.9 14.4 10.6 3.0 4.9 14.4 
Co-A pt. 79.9 5.3 74.3 89.7 84.5 3.6 77.8 89.6 
Co-Gn 96.0 5.3 88.4 103.6 104.2 3.2 97.8 108.9 
Co-Gn minus Co-A pt. 16.1 2.7 12.5 18.8 19.6 3.7 12.7 24.5 
Wits 2.2 1.8 0.4 6.2 -0.5 1.0 -2.2 1.1 
Is-Olp 77.5 4.1 72.8 84.5 79.7 3.3 74.1 85.8 
Ii-Olp 70.0 2.8 66.3 75.4 76.7 3.1 71.5 82.2 
Overjet 7.5 2.1 4.6 10.4 3.0 0.5 2.5 3.6 
Ms-Olp 48.1 3.0 45.0 54.1 52.0 3.0 46.3 56.5 
Mi-Olp 46.5 2.6 42.3 51.2 54.7 3.3 48.6 60.4 
Molar Relationship 1.5 1.2 -0.7 3.0 -2.7 1.0 -4.1 -1.3 
Vertical:                 
Ols-Apt 28.3 4.2 21.4 32.7 30.9 3.6 25.1 35.7 
ANS-Me 55.8 4.4 48.8 61.2 58.6 4.4 51.3 65.8 
Is-NL 27.2 2.1 24.6 30.1 27.9 2.4 24.2 31.2 
Ii-ML 35.3 3.1 31.3 40.1 35.8 2.1 33.4 39.3 
Overbite 4.2 0.9 2.9 5.4 2.2 0.9 0.6 3.6 
Msc-NL 18.1 1.8 15.6 20.4 19.7 2.0 16.1 21.9 
Mic-ML 24.7 2.3 21.8 27.7 27.8 1.5 25.1 29.6 
Angular:                 
SNA 82.1 3.1 77.0 87.5 82.2 3.2 77.0 88.0 
SNB 76.2 1.9 73.0 80.0 77.7 2.6 73.5 83.5 
ANB 5.9 1.9 4.0 9.5 4.4 1.7 2.0 7.0 
SNL-NL 8.2 3.3 4.5 14.0 8.4 2.8 4.0 11.5 
SNL-ML 33.2 2.7 29.0 38.0 32.1 4.1 27.5 40.5 
SNL-Olf 19.4 2.7 13.0 22.5 19.8 3.3 12.5 23.5 
Is/NL 113.2 8.9 101.0 126.5 113.9 5.7 104.0 122.0 
Ii/ML 93.7 5.3 87.5 102.5 97.9 5.3 90.5 105.5 
Interincisal Angle 127.3 10.0 112.0 141.5 124.2 6.4 115.0 132.5 
 
 
  
